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ABSTRACT

A

The Encalyptaceae, with two genera, B_[xgb_(:mnm and Encalypta are defined by a
' mitrate, long—cylindric calyptra. Bryobrittonia is monotypic, and plants are characterized

y upper Iamiﬁal cells with protruding, but smooth walls. Ninsteen species and one

ubspecues of Enga]_yma are recognized. with plants characterized by upper lamina! cells
havung protruding, papillose walls. important taxonomic features m@lude the shape. and

colomof the calyptra, the type of peristome (or the lack of one), the shape and color of

struc&ure of the abaxial surface of the costa, shape of the leaves, position of

margms coqu_ and definition of the basal cells, and presence or absence of a basal,

. Specnes of Encal taceae are concentrated in northerly, . montane

regions of the Northern Hemisphe p of the specnes of Engalypta also occur in

the Southern Hemisphere, and wa)Ko;thers are endemic to South America The plants
grow in rock outcrop and tundra habitats. On the basis of quantitative data, it is apparent
that substrate—type is an important factor governing the occurrence of species of
Encalyptaceae. Bryobrittonia longipes. E. longicolla £ mutica E. procera and E. spathulata
occur almost exclusively on substrates with a p above 7.0, while ih@g_qﬂ_a and E.
brevipes are restricted to substrates with a pH below 6.5. Encalypta afﬁmiiajp_ma‘i
ciliata and E__mamm occur on both siliceous and calcareous substrates, but show a
marked preference for one type or the other.

Inter—relationships among the species of Encalyptaceae are primarily determmed
on the basis of the shape and color of the calyptra, the peristome—type, the Iéngth of the
seta and leaves, and the spore-type. The spécies wifh a long, dark calypfra, the rostrum
little differentiated from the cylinder aﬁd thé base of the cylinder lacerate, a double

. peristome with the two layers more—or-less unfused, a long seta and long leaves, and

small, green spores that are lsopolar are considered to most closely approach the

ancestral type among the extant species of Encalyptaceae. These are B. longipes. E.

streptocarpa and E. procera The most highly derived species, including £ armata, £

asperifolia, £ brevipes. E. flowersiana, E. intermedia, E. microstoma. £ mutica and E.

Vi



spathulata. are characterized by a short pale ‘calyptra, the rostrum distinctly
differentiated from the cylinder and the base of the cylinder fringed, no peristome, a
short seta and short leaves, and larger, brown spo.res that are more—or—less distinctly
heteropolar. Four groups of species of Encalypta are recognized and all of these are
considered to be ultimately derived from E_streptocarpa or a closely related, but now
extinct, ancestor. The E_procera—E. streptocarpa group is defined ds outlined above, the

. E.rhaptocarpa-E. y_u[:aus complex is differentiated by distinctly heteropolar spores with
large, verrucose protuberances on the distal surface, the £ affinis—E ciliata lineage is
difficult to characterize as a whole, but individual species are linked by common
apomorph'ous charaéter—states, the E. alpina-E. longicolia group contains species of
uncertain affinities, but believed to be most closely related to one another. Species of
E.‘ncalyptaceae are-considered most closely related to the Pottioideae {Pottiaceae) on the
basis of similarities in leaf shape and laminal cell’structure, shape of the capsule,
structure of ‘the peristome and annulus, and chromosome number.

It is speculated that species of Encalyptaceae evolved in Laurasia prior to the
separation of the North American an’Eurasian continents. The widespread, but relictual,
distributién pattern of some species witr; ‘mﬂany apomorphous charapter—states, for
example, E. brevipes, indicates that such species probably evolved prior to, or around the
time of, separition of the northern continents. Howeverv, several other species, including
LMiWLM and E_microstoma. that are also characterized by a
number of apomorphouskcharactel"—states have a very restricted pétterﬁ of distribution.

Such species are considered to have evolved relatively recently in Tertiary times.

Vi
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I..INTRODUCTION
: ) . P
. The Encalyptaceae are a small - family of predominantly Northern Hemisphere
‘mosses with only, two genera, one of which is monetypic. However, they are an
important component of northerly montane and arctic vegetation. The family is clearly
defined by the distinctive, Iong-—eampanulate calyptra and this feature is emphasized in the
common names of 'extinguisher moss' and 'Glockenhut' that date back to the- earliest
descriptions of species of Encalypta The Encalyptaceae have long been a 'souré’e of

©

; mterest and phylogenetlc speculation because of the diversity.of perlstome—types that

oceur in the family. Specues of Encalyptaceae predominate in such phytogeographucally'

important regnons as the Western Cordillera in North America, and Fennoscandia and the

Alps in Europe, yet the ranges of the specaes have been incompletely documented,

particularly in North America and Asia, and a number of taxa "have been a soarce of |

taxonomic confusuon The present study is. an attempt to defme the taxa in the
Encalyptaceae, primarily on the basis of structure in order to clarlfy the family
taxonomically on a world-wide -basis; to delineate the habitat and range of each taxon,
partieularly in North America; and to suggest what might be the phylogenetic’ relationships
among the taxa, as well as how the famlly is inter—related with other groups in the Musci,
based upon an analysns of trends in Eharacter—state evolution within the Encalyptaceae

]
and the habitat preferences and dlstnbutlon patterns of mdwndual taxa

Historical Perspective

One of the earliest description‘s of a species of Encalypta is that of "Muscus
trichoides minor pileis magnis acutls The Extlngulsher Moss.” publishecf by Petiver in
1695 (Horton 1979a). Further descrnpt!ons of species of ED_QAALD_E are in Dnllemus (1741)
{in the genera'B_rmm_ and Hypoum), Hedwng (1787, 1789 and 1801), Bridel (1798, 1@06)

and Schwaegrichen (1811), but Heeiwig, Bridel and Schwaegrichen also included species

that are presently considered to belong to other genera in their concepts of Encalvpta (or
Leersia) (Horton 1878a). it was not until 1819 that Bridel limited the genus Encalypta to

include only those species with the distinctive calyptra. The genus was delimited on this



, basisvuntil 1953 wh‘e‘r\ Steere reported the monotypie Bryobrittonia tp be characteriied
by the same calypt'ra—type‘ Thrs stability in the generic concept of Encalypta is particularly
noteworthy because a numb'.er of authors have recognized subdivisions within the genus.
In some instances the divisions reflect a stress upon the different peristome-types that.'
occur in' the genus, while others: are ba'sed upon other sporophytic features.
Gametophytic strdcture has also beenfconsidered to be important in one infrageneric
'treatment | ' |
Nees, Hornschuch and Sturm (1827) were the first to point out that the structure
of the peristorne is not the same in all species of Encalypta They remarked that "Das
Peristom zeigt fir diese kleine Gattung, die im Ganzen so Ubereinstimmende Arten enthéit,
héchst merkwirdige Anoma]ie ", and divided the genus irwto two séctiods aperistbomae and
pernstomae {Table 1). However it is clear from their discussions and arrangement of the
individual \sgecues in the text that these were purely artlflcral groupmgs and Nees,
Hornschuch and Sturm (1827) did'not consider these to represent natural relatlonshrps.
Bruch, Schumper and GUmbel (1838) similarly emphasized the extraordmary variation in
the perustome among a group of species otherW|se so naturally cohesive. They divided
species of Encalypta into three groups based on peristome absent, simple or double'
(Table 1). Later Schimper (1876) recognized four sections in Eng_aup_ta also based on
drfferences in the peristome. But he also dlvnded Bruch, Schlmper and GUmbel's (1838}
group of species W|th srmple peristomes mto two types those with ‘a simple;,’
more—or— Iess well— developed or absent perrstQme ahd those with a srmple regularly
developed peristome {Table 1). Philibert (1889) Zeported that the genus Encal yp_ta can be
divided into three principal sections because the peristomes that occur in the genus
represent three different types; however, he did.not desigeate names for the three
sections (Table" i). Limpricht's (1 890)> treatment of the Encalyptaceae in Rabenhorst, which
wes published shortly -after Philibert's (1884-1890) studies of the dif ferent
peristome—types in /the Musci (see below), was the first to .incorperate some of
Philibert's ideas into infrageneric divisions _pf En_ga_lyp_‘ga (Table 1). Coker (1818)
recegnized two sections within Encalypta, the Haplolepideae and Diplolepideae (Table 1),

and Flowers (1938) incorporated these same concepts.

v
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. .Carl Mulier's (1848—1849) subdivision of Engaup_ta into two sections, Psilotheca
and Bhab_dg_th_aga is based upon differences in the shape of the capsule. Species placed
in the section Psilotheca were considered to have 'the theca smooth and estriate, which
included species both' with and without a peristome (Table 1). The section Bhabdotheca is
defined by a plicate theca. Among the species included in this section, some have a
double peristome, one a single and Sne Iécks a peristome (Table 1). Lindberg (1879) cited
these same seé:tions in the genus Laersia but reversed their order and placed E. alpina in‘
the section Bhabdotheca rather than in Psilotheca where Mtiller haé it (Table 1).

The most extensive subdivision of Encalypta is that of Kindberg (1897), who
recogﬁized five infrageneric categories (the precise rank is not indicated) (Table 1)
- Kindberg's (1897) basis for these subdivisions is somewﬁat complicated because it
includes a combination of gametophytic and sporophytic features. The essential features
of the five groups are outlined in Table 2. Brotherus (1902, 192’{}}, ?ollovx“/ed‘ Kindberg's
{(1897) treatment, except that Brotherué reversed the order of ;che sections and began
‘Wwith Pyromitrium (Table 1) |

Various opinions as to the systematic position of En_qaup_ta are reflected in the
placement of this genus relative to other moss’ genera in treatments of the Musci.
Limpricht (1880) observed that "Diese Gattung, eine der Schbnstén moosgattungen, hat,
weil sie in ihren verwandtschaftiichen Beziehungen nach verschiedenen Richtungen
ausstrahlt, eine f?ste Stellung im Systemé’”noch nicht gefunden.”. Bruch, Schimper and
G(’meel (1838) and Schimper (1855) piaced the Encalyptacéae after the Tetraphideae and .
before the Zydodontaceae and Orthotrichaceae, while Mulier (1848-1849) stationed
ﬂ]g_aup_ta in the Calymperaceae with Calymperes and Syrrhopodon next to the
Pottiaceae. De Notaris (1869) put the monotyp|c Encalyptacei after the Orthotrichacei and
befor_e the Polytrichacei, and Schimper ‘(1876) reversed the ordeér he had earlier
published in the Corollarium situating the .mo;wotypic subfamily - Encalypteae after the
Orthotricheae in the family Grimmiaceae and before the Tetraphidaceae. Lindberg (1879)
placed Encalypta las Leersia) in the subfamily ‘Leersieae next to the Tortuleae in the
Tortulaceae. Philibert (1884) stated that "Les Encalyptées pourraient donc 8&tre
considérées comme le point central d'ou les autres formes de mousses auraient diverge”,

and suggested that the Encalyptaceae are most .closely related to Qrthotrichum in one
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sense, to Barbulackes [=Pottioideae] in another, and in a third to Polytrichaceae.
Tetraphidaceae, and Buxbaumia and Diphyscium Limpricht (1890) considered the
Encalyptaceae, which was placed between the Orthotrichaceae and the Georgiaceae
[=Tetraphidaceas), to contain two genera. Encalypta and Merceya Kindberg (1897)
followed this except that he placed ’the Encalyptaceae between Calymperaceae and
Orthotrichaceae. Muller (190 1) reported the Encalyptaceae to consist of three génera,
Encalypta. Streptocalypta and Merceya with the family following the Calymperaceae and
preceding the Pottiaceae. Eleischer (1904) divided the arthrodontous Bryales into three
groups, the Haplolepideae, Heterolepideae and Diplolepideae. The Heterolepideae, with
the single family Encalyptaceae,v is placed between the Grimmiaceae at the end of the
Haploiepideae and before_. the Funariaceae in the Diplolepideae. In the first edition of
Engler and Prantl, Brotherus (1902) considered the Encalypteae to be monotypic and
positioned it after the Pottieae in the Pottiaceae, before the Grimmia'c.eae and
Orthotrichaceae. In the second edition (Brotherus 1924), he similarly considered the
Encalyptaceae to be mohotypic. but placed it after the (iaiymperaceae and before the
Pottiaceae. Coker's (1918) treatment is the ‘only previous revi§ion of the Encalyptaceae
and she treated the Encalyptaceae as a monotypic family closely related to the Pottiaceae.
Grout (1937-1938) plac;ad the Encalyptaceae, which Flowers.(1938) considered to be”
monotypic, after the Calymperaceae and before the Buxbaumiaceae. In 1853, Steere @
reported that the formerly unknown sporophy’/'tes of Bryobrittonia are almost
indistinguishable from those of £ streptocarpa and £ procera and that the calyptra off
Bryobrittonia is typically encalyptaceous. Therefore, he included Bryobrittonia, which had "
formerly been considered to belong in the Pottiaceae (cf. Brotherus 1924 a}wd Grout |
1939), as a second genus in the Encalyptaceae. Later, Savicz-Ljubitskaja and Smirnova '
(1970} recognized Encalypta and Bryobrittonia in the Encalyptaceae, which they placed in

a separate order the Encalyptales after Fissidentales and prior to Pottiales and the
Pottiaceae. Recently, Stone (1977) suggested that the Bryobartramiaceae may be closely
related to the Encalyptaceae. In conclusion, there has been no consensus of agreement
khis.torically, but the genus Encalypta has generally been placed close to either the
‘Pottiaceae—Calymperac;eae or the Orthotrichaceae. Few of the authors cited above give

* reasons for their placement of families in a particular arrangement; however, there are -
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vegetative similarites n the leaves of Encalypta with both the Pottiaceae and the
Orthotrichaceae, and the calyptra of Encalypta with the Orthotrichaceae and some genera
of Pottiaceae It 1s apparent that the fundamentai difference between these positions is
that peristomes in the Pottiacease are of the haplolepideous type and that those in the
Orthotrichaceae are of the diplolepideous type.

Having cited above many of the major treatments that deal with the genus
Encalypta. it is perhaps appropriate to mention a few of these that | have found to be
particularly excellent and/or are of importance in an historical context Among the very
early works, Hedwig's (1787} Descriptio et Adumbratio’ Microscopico—Analytica
Muscorum Frondosorum, published in both Latin and German language editions, contains
lengthy descriptions of two species of Encalypta but it is the incredibly detailed,
hand-colored plates that make thnis work an unequaled contribution. Bridel's
circumscription of the genus Encalypta is of fundamental importance and actually dates
back to 1798 in-the Muscologia Recentiorum where his infrageneric division separates
species currently considered to belong to genera other than Encalypta from those
presently accepted as species of Encalypta Among the leading bryologists of the time,
including Hedwig and Schwaegrichen, Bridel was apparently the only one who grasped
that species of Encalypta. when defined by the campanulate calyptra, formed a natural
group distinct from other taxa with which they were generally grouped

| have been ever more impressed by the depth of Nees, Hornschuch and Sturm's
{1827) Bryologia Germanica. It is truly remarkable for its time. Their introductory
discussion of the essential features that define species of Encalypta can hardly be
improved upon, and their characterization of species of Encalypta as "..Moose der kalten

”

Zone, und der Gebirge und Alpen der nordiichen Erdhiifte;.” remains accurate today.
'Ho'wever, it is interesting to see the ﬁite of knoW}edge at that' time reflected in their
statements. that they knew of no Encalypta species in the Southern Hemisphere and that
of the eight species they recognized,k:‘altl of which were native to Germany, only a single
~ one was then known from Nortm America [E. yulgaris from ”Oui;;alaska”). Nees,
Hornschuch and Sturm (1827) were the first authors to piece together the early history

of the genus Encalypta They were also the first to subdivide the genus on the basis of

differences in the peristome, as noted above. Their lengthy treatments of the individual
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spectes included a briat characterization of the essential features of that species in an‘
and German the Gormn;n common name. an exhaustive hst ot synonyms and citations of‘
earlier treatments, a detaled description. discussion of habitat, daste of maturity of the
sporophyte, and a figure as well as taxonomic remarks In many respects, Bryologis
Germanica 1s at least equal to Bryologia Europaes and in some aspects surpasses the
treatmaht of Encalypta in the latter work However, there are two or three rather obvious
rmitations to Bryologia Germanica There i1s an overemphasis on minute detais of
structure of the male and female "flowérs”. and the species concepts are very narrow in
one or two instances (for example. E apophvsata |=E atfiis subsp affius) and £
cylindrica (=E. affinis subsp affinis) are treated as distinct species and reported to be
very easily differentiated) Also. the geographical area covered 1s more restricted than in
Bryologia Europaea These may be the major reasons that Bryologia Germanica hai not
received greater recognition R

Bruch., Schimper and Gumbel's (1838) Bryologia Europaea 1s another outstanding
contribution. While f\;ees, Hornschuch and Sturm (1827) had treated six of the species of
Encalypta that are presently recognized, nine are inciuded in Bryologia Europaea The
introdu@tory portion of the treatment in Bruch, Schimper and GUumbel (1838) includes a
wealth of information on the developmental morphology of plants of Encalypta as well
ds dealing with structure of the plants and history of the genus The illustrations, although
pleasing to the eye and finely dstailed, are, in some respects, disappointingly inaccurate
For example, quite obvious specific differences in the shape of the calyptra are not
faithfully represented.

Philibert's (1884, 1889) detailed descriptions of the structure of the peristome of
a number of species of Encalypta are still the most c\omplete referencé for this subject,
and there is evidence to support his suggestion that this family is of central significance
in the evolution of mosses. (A more extensive discussion of Philibert's contribution
follows)) '

Limprichts (1890) contribution to Rabenhorst's Kryptogamen—Flora ncludes
eleven s;Secies currently accepted, althdugh the treatments of two of these, E brevicolia
and E, procera, are abbreviated His descriptions are not only detailed, but modern and

extremely accurate, and the notes on habitat indicate a good understanding of the species
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in the field | have found this to be a reliable source for ‘clarification of historical details
not included in Bryologia ‘Germanica or Bryologia Europaga ‘Although  Limpricht's
~ treatment was cOmpIeted almost a century ago,‘ it still ranks among the best n\odern
analyses of species of Eng_aupja | |
n 1818, Coker rewsed Engalyp_ta in North Amerlca Her revision is of partlcular
mterest because the taxonomic status of avnumber of species reported to .be endemic to
North Amerlca_, lncludlng those descnbed by Austin, Kindberg and Mltter:,‘ was assessed.
In. the introduction' to this treatme‘nt Coker stated that 18 species of Encailypta had been
reported to occup in North Amenca north of Mexico and that this number had been
reduced to elght Ina footnote she added "The responsibility for these reductions rests
largely wuth Mrs. Britton.". | suspect on the basis of this- comment and an earlier
publication (Brittdn 1895}, whuch lndlcated Britton: had spent some time studymg
specimensv of Encalypta that the fundamental taxonomlc and nomenclatural decisions in
Cokers revnsnon should probably be attrlbu’ted prlmarlly ‘to Elizabeth Gertrude Britton.
However, the descnptions and illustrations are Cokers her notes are stlll pt‘eserved with
the spec:mens in the New York Botanical Garden. - - ‘;, ‘
Flowers (1938) recognized the same North American specnes of Encalypta that
Coker had {1918, although his concepts of some of the mfraspec:flc taxa are different
~The depth of Flowers understandmg of the taxa is apparent in his dlscussmns of
dlagnostnc features habitat and vanatlon Flowers' treatment, as Limpricht's (1890), is an
outstandung analysis of specues of E_ng_alxpta
Structure of the perlstome has long been considered important in classufncatlons )
of .the Musci because the structure tends to be stable within »genera ‘and even within

families. As early as 1827, Nees, Hornschuch and Sturm recognized that peristome

~ structure is actually variable within the genus Encalypta as,noted above. However, it was

not untilb Philibert's (1884-1890) investigations'o'f the relationship. between peristome 7 '

. structure and the natural affinities of mosses that attention was drawn to the potential

significance of the. ’genus Encalypta relative to the phylogenetic inter—relationships among
the major groups of the Musm Phnhbert (1884 supported Mlttens (1859) division of the
Muscn (excluding S,Qnagnum and Andreaea) into two major groups based on fundamental

_differences ‘in" the per:stome structure. * The Nematodonteae, cornpnsed of . the
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Polytrichaceae,' ,were\ characterized by each per\istome tooth being composed of a

number of simple filarhents joined laterally, while the Arthrodonteae,‘which consisted of
all other mosses, were! characteruzed by the peristome being composed of testh with

transverse artlculatlons

hlllbert also placed the Tetraphidaceae in the Nematodonteae in
agreement with Llndber 's observation that the teeth of JTetraphis resemble those of
Polytrichum and are not ruly analogous to those of other mosses. In addition, Philibert
recognized two 'extreme \and opposnte perlstome types within the Arthrodonteae. The
Diplolepideae included mos\es with the outer peristome characterlzed by -une double
série de plaques exténeures et une seule série interne;..", while the Aplolepldeae

[=Haplolepideae) mcluded those ‘with the opposite condition, that is, "..la rangée externe .

qu1 est snmple la série étant alors presque toujours double ", Philibert then presented an

¢ overview placing most genera of mosses into one or the.other group; however, he did

/

not include the Encalyptaceae in either the Diplolepideae or the’ Aplolepideae. Philibert
regarded the Encalyptaceae as a "famille véritablement ambigue, et placée au point de
.sé'pa'ration de toutes les autres'\' He reported that the double peristome of E. Q[_QQ_QLa and
L. streptocarpa has ‘the essential characters of the Dlplolepldeae that the single
perlstome of £ g_m_ata and E. mgp_tp_canna, and the more—or-— Iess reduced form in E.
vulgaris and £, commutata [=E. M] approach those of certain specues of haplolepldeae,
and flnally that m_EL ]_Q_rlglggLLa and E. brevicolia there are fllamentous teeth that are ..plus
analogues 3 celles des Polytrnchs qu'a celles des Arthrodontees " In later artlcles Phlhbert
(1889) described, m considerable detail, the structure of the peristomes of_a longicolla,
E brevicolla £ a_f_ﬁms as"ii apophysata), £ procera E streptocarpa. and E. ciliata in
considerable detail. Although -Philibert (1884) regardea the Encalyptaceae as:the axial

group from which other mosses diverged, he stated that without data from.the fossil

record it wouIdQne mpossnble to know whether the Encalyptaceae existed first or if the
Polytnchaceae were the progemtors of the Encalyptaceae “Wwith the two groups of
Arthrodontous mosses subvsequently evolv.mg from Egg_alp_a. .

Philibert's (1884, 1889) concept of the Encalyptaceae as the group of mosses

that form the ‘tr_ahsitic'n between the Nematodonteae and the Arthrodonteae has generelly

not .been accepted. On the other -hand, “his - ideas ‘that both haplolepideous and

diplolepideous peristome-types occur in the Encalyptaceae and that this f‘amily might,
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therefore represent a transition between these two types has. been given more
-.credence. The mfluence of these latter |deas are reflected in Flenschers (1904)
hnstorlcally |mportant classification of the Musci, in WhICh he placed the Encalyptaceae in
a new subgroup, the Heterolepldeae between the Haplolepldeae and Dlplolepldeae in the
‘Arthrodontei. In Fleischer’s (1904) classification, the Bryales consist of three suborders
the Arthrodonten the Amphodontei and the Archldonteu Therefore, >the Encalyptaceae are
not placed in the ultlmate central position suggested by Philibert (1884 1890).
Furthermore Fleischer (1904) mad& it clear that he did not accept Philibert's suggestion
of a fundamental similarity in the peristome—type ofLnglmua and that of Buxbaumia in
_his circumscription of the Heterolepideae as "Peristomzéhne entweder nech dem Typus

der Haplolepideae oder der DRiplolepideae gebildet, oder das opponirende innere Peristom .
mit dem ausseren verwachsen.". Fleischer also stressed that the unique calyptra of
Engalypta is a vegetative ?e-ature that also warrants a special position in the system of |
classification. Earlier, leprlcht (1890) had also been critical of the suggestlon of
relations between Eng_al,ym@ and Eg_ly_tn_chum Tetraphis and Buxbaumia, and pomted out
that it presented no problem to derwe the perustome of_& longicolla through fusion of
the outer. and inner peristomes. Dixon (1932) f‘ollowed‘ Fleischer and placed the
Encalyptaceae in the subgroup Hetgrolepldeee but he emphatically stated that Encalypta
cannot be regarded as the ancestor from which both the Hapiciepideae and Diplolepideae
evolved. However, Dixon did suggest that the reduction of the peristome in Encalypta
might serve as a model for understanding the evolution of'the haplolepideous peristome:
"..it is nonetheless probably true' that all types of _peristome within the genus are derived
by reduction from a common ancestor having a double peristome, and that thus we have
before us a perfectly close parallel, though a perallel only, to the more general reduction
of the Haplolepndeoud peristome.”. Flowers (1938) considered the Encalyptaceae to form

..a transitional group between. the Aplolepudeae and Diplolepideae..showing the
characteristics common _to both.”. Grout (1804) appears to have been the only person to
fully support l’hilibert. O‘n the basis of his own observations of peristome structure,
Grout enthusiastically endorsed Philibert's ,theory. Grout concluded "My studies on the
peristome have convinced me that the folloWing arrangement of tamilie’s would more

“truly represent the order of evolution than that one that | have previously followed:
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Georgiaceae  [=Tetraphidaceael, Polytrichaceae.  Buxbaumiacese.  Encalvptaceae

Tortulaceae Ephemeraceae. Gnmrmas:ﬂ.afy Dicranaceae, Eissidentaceae.”
Recently, Edwards (1979) assessed the penstome-—types that occur in some'
~ groups of haploiepid_eous and diplolepideous mosses. He was particularly concerned with
the number of cell olctes that occur on either surface of a peristome tooth. The results\
of E.dyvard_s‘ studies indicate that the five hcplolepidoous orders’ of mosses are
characterized by.a particular patterh that doeé not occur in other groups he studied. In a
penstome that consists of 16 teeth every group of two teeth has two cell plates on the
_ outer surface (that is, each tooth consists of one) and three cell plates on the mner'
surface (that.is, each tooth consists of one and one-half). He called this a 2:3 pattern.
Edwards found no sign of the haplol.eoi'deous, 2:3 pattern in the species of Encalypta that '
he studied. ' v .

Whi[e the variation in peristome—types within Encalypta has Iong boen remarked
upon, untjl recently tt;ere has been very little mention of a paraliel diversity in the
structure of spores, although-differéhces were recorded in descriptions as early as
. 1838 (Bruch, Schimper & GUmbel 1838). Vitt amd Hamilton (1974) lllustrated with
scanning . electron mlcrographs the superfncual structure of spores of nine dlfferent
species of Encalyptaceae They recognized three ma jor groups of species and suggested -
that these correspond closely to those proposed by Phnhbert‘(1889) on the basis of
'peristomve siructure. Vitt »and Hamilton placed E. longicolla in a separate group because
the spores were found to be extremely Iarge; uniformly papillose and ‘indistinctly
polarized, while the perisfome was reported to be composed of.,bundles‘ of articulated
whole cells in several radial layers with no differentiation of exostome and endostome In
the second group of Spemes the sporés were concudered to have relatlvely smooth
papillae and little or no polarlty, and the perlstomes were described as all consisting of
th\_/o‘Iayers'with at least the inner layer composedv of cell walls. The third group consisted -
of species with sp_ores considered to be distinctly polarized, and, if present, the papillae
"..possess either ’w;rts; or branches.. Peristomes in this group were reported. to be
eifher single or absent.

Jarai-Komlédi and Orban (1975) independently conducted a study similar to that

of Vitt and Hamilton 11974) on nine species of Encalypta, eight of which had also been
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- studied by Vitt and Hamilton. Jérai—Komlbdi and Orbén included both SEM's and light

micrographs of acetolyzed spores They too recognized three different spore—types, but
the species we(e grouped "..according to certain principles of spore morphology.” and
they did not attempt to correlate these groupings with any other structural feature.
Encalypta ciliata was placed in a separate group because they considered the structure on

both faces of the spore to be very distinctive - with a “.central brochus, the

well-developed murus—like arms, the marginal meshes and the trilete mark which is most

o _of all developed here.”. The second group of species were placed together in recognition

of similarities in ornamentation and the cryptotrnlete" aperture, but they also reported
that the species in this group can also be well separated on the basis of some features
and noted that E. ]_Qnglg_o_u_a differs from all species they investigated on the basus of the
very large spores. The third group of species is comprlsed of those they considered to
have apolar, katalept (that is, having a thin, more—or—less aperture—like . area on the

proximal tace (Erdtman 1965)) spores ornamented by granule.s and they reported E

alpina to be somewhat transitional between the second and third groups because they -

- found some dvfferences between the two faces of its spores and considered the

structure of the proxnmal face to be similar to that of E. ]_Qngm_QUE As Clarke (1979)
noted, the species of Encalypta grouped together, by Vitt and Hamilton (1874) are mostly
different than those that Jérai- Komlodl and Orban (1975) grouped. ‘

-

Fossil and Subfossil Remains of Encalyptaceae
There are no substantiated reports of pre— Quaternary fossil material of specnes
of Encalyptaceae Erdtman (1969) /{uggested that the Empna_m_s_p_o_ia_s McGregor spores
descrlbed from the Devonian of 'Canada (McGregor 1961) ” resemble those of certain

recent Encalypta spemes" There are a number of records of subfossil specimens of

" ‘Encalyptaceae. A few of these have been identified to species, but with the exception of _

Bryobrittonia and E. alpina’ ‘most Encalyptaceae are virtually mpossnble to differentiate on

the basis of vegetative’ plants, although the choice can generally be narrowed to one or

two species, or t7/ a particular group (for example, the E. rhaptocarpa—E. _\&[gag_s

- complex). Most /of the subfossil material consists of vegetative plants or portions

/
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thereof, but a few specimens found recently include portions of calyptrae and important

clues as to specific identify can be obtained from these in many instances.

Hesselbo {1910) included E. alpina in a list of species from a glacial deposii in
Denmark; Janssens (1981) reported it from a Wisconsinian deposit in northwestern
Yukbﬁ T_‘erritory' () and from a deposit (dated" at 6400 60 B.P) on northern Ellesmere
lsla‘nd, Northwest Territories (); and Miller has a specimen from the Columbia Bridge

A

locality in upber Vermont ({the vascular plants f'r.om this locality are reported in Milier and
\ Thompson {1979)) from sediments dated at 1 i390 115 and 1 1540 £110 BP. {l. All of
the above specimens consist of leaves and/or portions of stems with leaves, but there is 4
als a calyptra fragment from the Columbia Bridge locality that is tentatively assignable to
E. alpina The first report of a subfossil specimen of B. longipes (Janssens 1981) is based
on a specimen from a deposit (dated at éZOO +120 BP) in the Anaktuvuk Valley in the
Brooks Range of Alaskal). | '
There are also reports of several other species of Encalyptace'ae.: Miller (1976)
cited E procera, on the ba_sis of leaf and stem fragments, from the Two Creeks Forest
Bed in easter'n.Wisconsin (dated at 11850 BP) and Janssens‘(19-81) tentatively listed it."-
from northern Ellesmere Island, Northwest Territories (). | have seen a specimen from fhe
Columbia Bridge I'ocality. (see above) that might be E. p_[g_g_eLa Dickson (1973) reported
‘ _ several speciméns of E. rhaptocarpa ;rom the British Isles (Devensian deposits - 10270.
+170 to 19500 =650 'BP), including sporophytic material, and Janssens (1981)
tentatively reported it from a deposit (11050 i130 BP.) in St Eu'g‘ene, Quebec (). Some
other mateﬁrilal from the, Columbia Bridge Ioéality rﬁigijt belong to the E. [b_amg_c_ama—_E_
vulgaris compiexf{l). Dicksor'i (1873) suggested that an undeternﬂnéd sgeéimen from Great
Britain might Ee_& mutica. th | believe it is more likely that this sterile specimen
represents E. m(!). One of the speciméns from the Coiumbia Bridge locality could be
E. mutica, but E procera cannot'be ruled out with certainty (). Abramova et al (1‘965.)
tentatively ‘identified_& vulgaris from an Upper ‘Pleiétocené deposit in Eastverh Siberia on

the basis of fragrﬁents that included spores, and a portion of a capsule and calyptra.



Il. MATERIAL AND METHODS

"~ Nomenclature: One of the important aspects of a taxonomic revision or monograph that
'markedly differentiates it from a floristic study is the nomenclatural treatment The
taxonomist must try to deal with all names legitimately proposed in the group being
studied, and to establish the correct names for the taxa recognized in the treatment. |
believe that the fundamental aim of the taxonomist should be nomenclatural stability. Ih
my experience, this is usually possible within the guidelines of the International Code ovf
Botanlcal Nomenclature (ICBN) (Stafleu _e_t 31,_ 1978\
There have been 87 specific and 72 subspecific (above the rank of j_o_m]a) taxa
validly pubhshed in the. genus Encalypta; 16 specific and 11 subspecific taxa in the genus
Leersia: and two specnes in the genus Bryobrittonia (based on Index Muscorum (van der ,
Wijk et al. 1962, 1964 1969) and my own records). Only those names above the |evel of
forma are deait wnth in the formal nomenclatural sectlons The citations of sources of
original descrlptlons are based upon those in Index Muscorum; however, mis-citations of
page numbers, dates of publication and of authors have been corrected whenever they
have come to my attention. Also, citations of journals are standardized according to
Botanico— Penodlcum Huntianum (Lawrence gt al. 1968), citations of authorlty names
according to Sayre, Bonner and Culberson (1964), and reoently published names not
included in index Muscorum' (van der Wijk et al. 1962, 1964 1969) or th_e index
Muscorum Supplementa (Crosby 1977, 1979). have been incorporated.
| have obtained and reviewed the original literature and protologues of all newly
de‘scribed names and new combinations, and the types of all basionyms have been
examined, except in a very few cases when | have been unable to obtain specimens on
. loan or | have been unable to Iocate ‘a type. (However, for E_rhaptocarpa, E. i ntermgda
and E. vulgaris the type of the basuonym is indicated, but synonyms are not included.
‘These will appear in a future publlcatlon devoted to elucudatlon of the taxonomlc '
problems that centre ,aroux@ these three taxa) | feel that it is jmportant to make clear the
‘basis for selecting a particular specimen to serve as the type. Therefore, the citation of
the speoimen(s) is quoted directly from the original publication first. This is followed by

an indication that a holotype has been designated or a lectotype selected and the label

17 ) .



information from that specimen is quoted directly for purposes of comparison with that
cited from the original publication. Specimens have been typified in the context of the
historical and current taxonomic concepts of each taxon so as to retain 'continuity
whenever possible. In some instances, for example that with E. a_f_ﬁms, a careful
evaluation of the protqloghe in relation. to material in the author's herbarium‘ has also been
necessary (Horton " 1981a). Typification of a, name is qenerally an involved,
time—consuming task, even in instances that appear superficially s‘traighthrwardA In some
situations, the original author’s herbarium has been destroyed, for example Cari M{ller's
herbarium in Berlin, and a I'ectotype must be select‘ed,elsewhere. However, it is often
possible to lectotypify material that was seen by the original suthor, For example, it is
known that Mdller exchanged specimens with’ Kindberg, Bfothefus and Levier; therefore,
. potential types -exist in S, H and FI, among other places. . .

Recently, it has been suggested that types of specimens #escnbed prnor to
estat)'lishment of the type-concept (sensu N. L Britto_n) in the 20th’ century cannot be
designated as ho|otypes even if only one specimen is cited in the original publication
(Guédés 1978). It is Guédes’ contention that such specimens can only be |eCtOtyp|f’4Fd
because the method was, unknown at the time they waere deS|gnated However, botth G
Voss and P. lsoviita have pomted out (in ]_11;) that such a statement represenf;s a
misinterpretation of the ICBN. A holotype is defined in Article 7.3 (Stafleu etal 1978) as
».the one specimen or other element used by the author or [rny italics] designated by him
as the nomenclatural type.”; therefore, if there is reasonable certainty that an author
‘b.ased _nis description on a'single specimen, that specimen may correctly be designated a
holotype. | agree with Isoviita {in litt) that the specimen extant |n the herbarium of tne
original author should mnot automatically be considered a holotype. nefticularly if
duplicates exist in ether herbaria. A lectotype should be selected, unlesethere is some
way to be sure that the description is based upon only one of the duplicates. Vitt (1980)
has recently pointed out that theldesignation isolectotype, which is not included in the
ICBN, can give a misleéd’mg' status to a specimen. Therefore, that term is not used inn the
present study. . |

In the Encalyptaceac. i e two instances of 'orthographic inconsistencies in

the citation of particular ns - uvithets longicolla and brevicolla were originally
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published with a final "a" in the case of E._longicolla and E. longicolla var. brevicolla (Bruch,
Schimper & GUmbel 1838). Hovyever, if Crundwell's (1970a)¥ suggestion is foilowed,
: these epithets should bé altered to ]gnglgglhﬁ and previcollis. Recently, Crum, Steere and '
Anderson‘(1973) followed the original spelling and listed E. longicolla and E,_brevicolla in
their Checklist, as did ireland et al. (1980), while Kopbnen, Isoviita and Lammes {1977)
used the altered form of E_ brevicollis. Crundv_vell stated, with reference to epithets
formed from ‘colium that while —collis is the usual form, —collus for the laternatives
-golla, ~gollum) are not erroneous. HoWever,Y he also stated that "Bryological practice
should conform to that of bioldgistsas a wh;ﬁle." and reported that epithets with any of
the -collus forms virtually do not exist in either animals or phanerogams. Therefore,
Crundwell concluded that bryophyte epithets ending in —collus, —colla or —gollum should
be emended to —collis or —colle. o
. It is stated in Article 235 of the ICBN (Stafleu et al 19;8) that "The specific
epithet, when adjectival in form and not used as a substantive agrees grammétically with
the generic name.” and in Article 73 that "The original spelling of a name or epithet is to
be retained, except for the correction of typographic or orthographic errors,”. Encalypta
is feminine (evenAthough the Greek word that it is transliterated from is masculine);
‘therefore, the endings —golla or —collis or their forms would be equally correct. As the
original spellings were |ongicolla and brevicolla, it would be a direct contravention of the
Code to chénge these epithets as Crundwell (1970a) has proposed. In the p‘resent
treatment, _E_]mg;ggl_l_a and _E_b_[_Q__LQQI_I_a are used. |

The other instance concerns E. mam_o_qar_na as it was originally spelled
(Schwaegrichen 1811), or E: rhabdocarpa, as it has been cited in many later treafments.
As far as | have been able to determine, this change was. iﬁitiated by Bru.ch, Schimper and
GUmbel (1838); such earlier authors as Bridel {1819, 1826), and Nees, Hornschuch and
Sturm (1827) were consistent 'with the original author;é spelling. Alt_hough Bruch,
Schimper and GUmbeI gave no reason for the change it is quite clear that it was
“intentional as they stated in the introduction to Encalypta ”C est BRIDEL qui.- dans sa
Muscologia recentiorum, - fant le premier mention de _E gnab_dg_c_agpg (et non.
rhaptocarpal)...”. Many later authors have followed Bruch., Schimper 'and Gumbel, includiﬁg
Mdller (1848-1849), De Notaris (1869), Schirﬁper (1876). Limpricht (18390), Brotherus



. (1902, 1924), Coker (1918) and Flowers (1938, and most racently Nyholm (1954),

Savicz-Ljubitskaja and Smirnova (1970) and Lawton (197 1). In contrast, Crum, Steere and
Anderson (1973) listed E. rhaptocarpa, and Crum (1973) noted the discrepanc‘y between
the original spelling and that used by many later authors. He quite correctly pointed out
that ".the original spelling in Schwaegrichen's herbarium and in his publication was

Article 73.1 of the ICBN also applies in this instance, that is, the original spelling
should  be folloWed unless there is a typographic or orthographic error. However,
".Article 73 énd its associated recommendations is not one of the mofe definite parts ofy

the ICBN.." (Wilbur 1981) and interpretations of what constitutes an orthographic error

vary considerably. For example, Hickman and Vitt (1973) argued that the original spelli\ﬁg—/ ~

of Waeissia wmgumu Brown should be retained even though Brown had stated that the
species was named after Mr. Waymouth, whose name was actually spelled Weymouth.
Wilbur (1981) is of the opposite opinion in a similar situatién. He reported that Oersted
published the generic name Qreomunnea Oerst. stating that it was in honor of Francisco
Oreomunna; however Oerstedvapparently discovered iater fhat the name of the person in
question was actuatly Orearquno and altered the genus to Q_Le_amung_a Wilbur conciuded
that Oersted was mistaken in his spelling of the family name and that the correct
brthography is QOreamunoa As stated above, | fee! that nomenciatural stability should be a
F;‘)rimzvzry, ‘objective@)f taxonomists; therefore, whenever possible the driginal author's
sfbelling should be retained. The situation with Qreamunoa may be an excep’cion where the
alteration should be éccepted since the original f—zuthor made the correction.

In the instance of the spelling of the epithet map_tg_g_a[p_a the situation is more
clear-cut than in the examples cited above There is no .concrete evndence that the
original spelhng is in error. First of all, it clearly is not a typographlc error because -
Schwaegrichen wrote the name on the type specimen as well as publishing it. | suspect
that it has been regarded as an. orthographic erro{'. There are two Greek words,
transliterated as ”;'habdo” and "rhapto”, that obviously afe very similar orthographically.
According to the Greek—English Lexicqr; (Liddell & Scott 1961), the first means striped or °
streaked and the second'means strung together, united, woven or sewn together. As

"carpa’ means fruit and Schwaegrichen described the theca of E. rhaptocarpa as having
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linear, red ribs, it is very likely that he haa the meaning of the first word in mind, but used
the second. Dr. R. C. Smith of the Department of Classics, University of Alberta, has
pointed out (pars. comm.) that the combination of letters transliterated as "pt" is far more
common than the "bd" corhbination. Therefore, it is probable that Schwaegriche.n was
more familiar with the former. However, in the original description (Schwaegrichen 1811) ‘
there is no indication of the origin of the epithet nor of its meaning. There is ho direct
evidence that £ rRaptocarpa is an orthographic error. Such. a conclusion can only be

based upon. supposition. Therefore, | think thét the epithet should be accepted as

Schwaegrichen originally wrote it.

Taxonomic Concepts: Attempts to define what a species is have been the source of
considerable cohtroversy, and copious literature has -been devoted to this subject as a
resulf. Basical}y, there are three concepts of what constitutes a species, these being the
taxohomic, the biological and the evoiutionary concépts, none of which has proven to bé
universally acceptable. Reviews of these concepts are in-Davis and Heywood (1963),
Grant (1971), Lgvtrop (1979), Mayr (1969), Raven (1976), Simpson (1961), Sneath and
Sokal (1973) and Sokal (1973). | ' ‘.
The taxonomic or phenetic species concept is based on observations of
~ structural resemblances and differences. A species is considered to consist of individuals
that are morejor-less alike strucfurally and are differentiated from other such individuals
by structural gaps or discontinuities. Undoubtedly thiys has been and still is the most
widely applied concept when it comes té claséifying plants and animals. One of the méjor
criticisms levelled at the taxonomic concept is that it is highly subjective and arbitrary,
although it has been argued that the application 6f numerical techniques of analysis will
aleviate these problems (Sneath & Sokal 1973). Also, it has been suggested that the
-taxonomic concept is non—biologicél or typological However, the latter commonly .
represents a misunderstanding of the nomenclatural requirement for a type specimen of
each speéieé. The type is a repres-entative specimen bnly in the nomenclatural sense; it
may or may not be representativbe in the taxonomic sense.

The biological species concept is éssentially a gehetic concept (Simpson 1961). It

is generally attributed to Mayr (1963) who modified his original ‘definition and stated that
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"Specigs are groups of interbreeding natural populations that are reproductively isolated

from other such groups.” (Mayr 1969), although this general idea is apparent in early
biological literature (Raven 1976). This definition can be seen to have general applicability,
at least in theory, to animals, although the inability to demonstrate that interpopulational
gene flow is a reality is a major difficulty. Furthermore, it has been suggested that
selective pressures, not gene flow, are perhaps the more important unifying force
between populations (Ehrlich & Raven 1969). The biological species concept has been
mo.re- difficult to apply to plants because of some reproductive characteristics that are
particularly prevalent in this group of organisms. Raven {1976) discussed the occurrence
of hybridization in natural pépulations of Angiosperms and pointed out that selective
pressures may favor the lack of interspecific reproductive barriers in woody plants.
Also, there are many plants that reproduce exclusively uniparentally or vegetatively. Under
the biological species concept such plants cannot be regarded as species even though
they may be well-defined entities structurally.

« The evolutionary species éoncept was defined by Simpson (1861) as "An
evolutionary species is a lineage (an ancestral—deﬁcendant sequence of populations)
evolving separately from others and with its own unitary evolutionary role and
tendencies.”, but the general idea of cc:.tntinﬁity of species through time has a.long history
in the literature (Grant 197 1). Recently, Wiley {1978) has proposed a modified version of
Simpson’s evolutionary species concept that incorporates the view propounded by
Ghiselin (1974) that species are individuals just as organisms are and that they are not just
a construct of the human mind. The evolutionary species concept encompasses both the
taxonomic and biological concepts, and has the advantage over the latter that it includes
uniparental or asexually reproducing organisms.

" Anderson (1963) discussed some of the problems in the application of "modern”
or biological species concepts to mosses. He concluded that they "..roughiy parallel those
[encountered] in other plants.”. Datab suggest that gene flow distances in mosses are
exceedingly short (Anderson & Lemmon 1874, Bedford 1938) Furthermc;re, many
mosses reproduce sexua@ty_very seldom (Anderson 1963) and among those that do many
are autoicous and theref;re probably inbreeders. In the Encalyptaceae, all except.t‘\\wo

species are autoicous. Of the two dioicous species, very few populations of



23

Bryabrittonia have been found with sporophytes and 1t seems likely that most
propagation of this species is vegetative. At best, the biological species concept is
difficult to apply to mosses in general and to the Encalyptaceae in particular, at least in a
functional way.

| believe that any sound systematic treatment must be based upon thorough,
detailed knowledge of the structure of the taxa, which can only be attained through an
extensive and intensive study of herbarium specimens. Raven (1876) has gone so far as
to suggest that data obtained from populational studies of cytology., chemistry and
ecology, among others, should not be incorporated into a classification. Rather these
k’inds of studies should be considered as separate from the study of organisms for
classification purposes (Raven 1376} However, such studies provide useful information
and evidence supportive of conclusions based on structure, in some instances, and may
provide additional insight when the str’uctural information is ambiguous. Also, a full
understanding of any group of organisms can only be achieved by co—ordinating field
studies with the herbarium studies (Schuster 1966). Not only does this approach place
the groug being studied into perspective in relation to other components of the
vegetatioh. but most importantly, it gives a populational perspective to the herbarium
work. Therefore, | feel that such "biological’ information should be incorporated
whenever possibie, but not to the point of exclusion of, or priority 0\;er, structural data.

| consider myself to be a systematist, as opposed to a taxonomist, in the sense
that | deal not only with the delimitation of taxa in order to facilitate identification, but
also with defining the phylogenetic or evolutionary relationships among. thesé taxa. This
latter, more theoretical aspect of my treatment is founded in the belief that species are
"not just convénient' constructs that taxonomists create for purposes of classification, but
that they have msqme reality just as an oFganism does. However, most species presumably
exist for muéH'longe_r periods of time than the individuals and populations of which they
are composed and it is the recognition of this time element, the belief that species have
some continuity through time, that is crucial for phylogenetic reconstruction. It seems
plausible to suggest that there must be some genetic interchange for a species to
maintain its continuity and that there must be a lack of such interchange, or a lack of

effective (in an evolutionary sense) interchange, with other species for eﬁé% to have a

s
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urique evolutionary history. However, events of genetic interchange between populations
of a single species may be far less frequent than has previously been thought, at least in
some groups of organisms, but such other factors as selective forces may be equally
effective in maintaining continuity. Therefore. my species concept 1s an evolutionary one
with a strong emphasis on structure as the basis for the taxonomic and evolutionary
conclusions drawn

As with species concepts, infraspecific categories have been a source of
confusion and controversy. The individual categories have been, and still are, applied in
diverse ways (see Lawrence (1951) for a review). There have been objections to giving
formal nomenclatural recognition to infraspecific categories (Simpson 1961) and the
taxonomic value of some such categories has been questioned (Wilson & Brown 1953).
Among the reviews of infraspecific categories, that in Mayr (1969). from a zoological
perspective, and that in Davis and Heywood (1963), with a botanical outlook, are
particularly lucid. '

The three most common of the infraspecific categories are subspecies, variety
and form. The subspecies has been widely utilized by zoologists (Mayr 1969), but has
received iess accepta.nce from botanists (Davis & Heywood 1963). Subsbecies generally
have been defined as variants of the species that differ consistently in one or several
character—states and inhabit a broad geographic subdivision of the Fange of that species.
In botany, this subspecies concept is generally attributed to Du Rietz  (1930) and
Rothmaler {1944, 1954 and 1955) Some of the practical problems associated with the
subspecies concept outlined above are exposed by Wilson and Browr (1953}, but the
‘'subspecies category is defended by Smith and White (1856), among others. Simpson
(196 1) pointed out that the concepts of subspecies as "little species” or "incipient’
species \,represen\t misunderstandings of the purpose of this category. He stated
emphatically that "They [subspecies] are taxa of a markedly different kind from species,
and relatively few of them will ever become species..”. Simpson (1961) described
subspecies as "..formal taxonomic population units,..* With reference to bryophytes,
Crundwell (1970b) suggested that the sﬁbspecies category could be better used to

provide meaningful groupings of varieties when several occur within a single species.



The category of: varnety has seldom been used by zoologlsts (the subsbecnes is
Athe only mfraspecnflc category recognlzed ‘in the Internatlonal Code .Abf Zoologléal
‘Nomenclature (Stoll et al. (196 1)) and Mayr. (1969) attrnbuted this to Lnnnaeq; use of: the |
term to descrlbe any variant from the type {in a typological, pre evolutnonary sense) of
: the specnes On the other hand the vanety has been widely employed by botanists, and ,
Davis and Heywood {1963) suggested that the fact that Llnnaeus used the term has given
it credibility. Generally the varlety has been used to describe structural variants: that
Fc‘ occupy a restricted geographlcal area within the range of the spemes Therefore the
.prlmary dlfference between subspecies and varieties is one of geographncal extent and
| Davns and Heywood (1963) pointed out that ". subspecnes may dlffer from one another in -
fewer and less well marked characters than varieties or even forms wrthln the same
species.”. Bryologists have widely used the category of variety to circumscribe ecologlcal
modifications.” - o | o ‘
Most botanists consider forms to be sporadically oceurring variants that have a

an

genetic basis (Lawrence 195 1~):.‘\_fHoyvever, among bryologists the category‘ has been
widely applied to ecological variants (see Podpera 1954, for e>\<ample). ?

There seems to be general agreement that one or two infraspecific categories
are ‘sufficient. for formal nomenclatural recognition. Zoologis_ts tend to use only the
subspecies (Mayr 1968, Simpson. 196 1), while botanists use both subspecies and ’variety
{Davis & Heywood 1863). The subspecies category has been used infrequently in,
bryology by comparuson to the variety. Crundwell (1970b) reported a trend among
bryologlsts in recent years to dusregard mfraspecnflc categones He advocated thelr use
because they focus attention on and stamulate investigation of variation that mught have
bioiogical s:gnlflcance and could otherwise be overiooked.

In. this study of the Encalyptaceae, my concepts of subspemes and var:etnes are
the geographical ones, as outlined above. | have also found the idea that subspecies are
not necessarily more »markedly_ differentiated structurally than varieties (Davis' & Heywood
1963) to make these conc‘eots more workable in the group with which I.am dealing. |

regard forms as ecological modifications and these are given no formal taxonomic

.7 : v
recognition. - : Q ‘ ‘ ‘ .
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Descriptions; The descriptions and the discussions of. diagnostic and differentiating
features of each taxon are based upon examination of living material as well as dried
’ herbarium Specirxié‘hs. Tlhe scope of thié study is world—wide, bartiCUIarIy in the sense
that the descriptiohs and, ultimately, the taxohomivc concepts présented herein are based '
ﬁpon specimens represer%‘tative of as many different geographical areas throughout the
. world as.poséible. Most species of Encalyptaceae havé been personally collected:in
North America from Alaska to México and eastward to Ontario and Michigan. Collections
have also been made in Hawaii, the Peruvian Andes, the Swiss and Austrian Alps;, central
West Germany, southwestern and-northern Swedén, and southern Finland. Representative
t:nerbarium specimené of éll spécies historically or currently recognizedv in the genera
Bryobrittonia; Encalypta and Leersia were examined. These specimens include all of those
made availablé to me by fhe curators of the following herbariéz Priv. ‘Herb. 'S. Agnew
(Aberystywth), ALA, ALTAQ;U, B, Priv. Herb. J. Bakﬂef‘( (Auc_:)k!and), BC. BERN, BlSH, BM,
BP, CANM, CAS, QHR, i’riv. Herb. S. P. Churchill (Lawrénce), CM, COLO, Priv. Herb. A. C.
Crundwell (Glasgow), DUKE, DUIS, E; "EGR, F, FH, Fl, FLAS, Priv. Herb. J—P. Frahm
{Duisburg), Priv. Herb. W. Frey (Giessen), G, GB, GJO, GL, GZU, H, Priv. Herb. J-P. Hebrard
| (Marseille), Priv. Herb. P. & E Hegewald (Niederzier), Priv. Herb. F. J. Hermann {Ft. Collins),
HIRQ, Priv. Herb. W. J. Hoe {Honolulu), .Priv. Herb: D. G. Horton (Edmonton), HSC,'IRK, JE,
KRAM, Priv. Herb. H. Ktirschner {Tubingen), l;LAU, M, MICH, MIN, MO, MSC, NAM, NEB,
NFLD, NICH, NY, O, PC, PE,PLZ, Priv. Herb. J. Poelt (Graz), PRC, QFA, RO, S, SMU, Priv.
Herb. N. Takaki (Hiroshima),~ fENN, Priv. Herb. C. C. Townsend (London), TRH, TUR, UAC,
WBC, UC,‘US, UWSP, Priv. Herb. J. V&Na (Prague), W, WIS, WTU, Z. Specimens were also
requésted from C, Dushanbe, LE and Shenyang, but these have not been made available to
me. The herbarium abbreviations are standar,dized aCcokding to Indéx' Herbar'i,orum
(Holmgren & keuken 1974) and Bryolégical Herbaria .(Iwatsti, Vitt & Gradstein 1976). |
Specimens were examined dry for determining habit of the leaves and seta, and
shape of the _capsule and calyptra. They were moistened in - warm water for habit of the
leaves, but shape 6f the capsule and calyptra was found not to differ significantly whep
moistened so this is not included in the descriptions. Méasurements were made under the
conditions outlined below with the ‘cﬁét"ac’ters in the or&é“r that they are dealt with in the

descriptions Measufements of overall plant length were from dry material under the
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stereoscope and if;clude only the vegetative portion; of leaves were from moist material
under the stereoscope and do not include such apicél elaborations as a mucro or
hair—pqjnt, or such a basal extension as a. decurrent costa; of laminal cells were from
moist maferial under the compound micvréscope and include only the lumina of upper

cells, but in the bésal cells inélude éverything up to the middle lamella; of seta length were

from dry material under the stereoscope from the point where the seta becomes visible

“above the leaves to the base of the capsule; of seta diameter were from moist material

under the compound microscope; of capsules were on dry material under the

stereoscope from the point where the seta begins to the capsule mouth; of peristomes

were from dry material under the stereoscope from the rim of the capsule to the tip of

_the teeth; of exothecial and.rim cells were from moist material under the compound

" microscope and include éverything up to the middie lamella; of spores were from moist

- material under the compound rriicroscopé; and.pf calyptrae were from dry material under

“the stereoscope. The laminal and exothecial cells measured were chosen by scanning the

material to get a feeling for tlje upper and lower size limits of the majority of cells.
Representativé cells were then measured to illustrate these upper and lower limits. 'ﬁ‘\e
measur’emér;ts in the descrip‘;ions represent what occurs in most cells of most
populations; the ‘Bracketed méasuremengs repr_esenf the more extreme upper and lower
limits that occur in some populat‘ions‘ B '

| believe that the functional part of a taxonomic tréatment, with re§pect to
determina‘kion of specfmens, should be those discussions under ea‘c‘h'species’ that are
herein termed Diagnosis and dffferéntiation. In these d'iscussiéns I have-extrapolated
from the descriptions all features that | feel are of value in identifying a particutar
species. In addition, the}e is a discussion of other species that might be conf:;ed with
the one under consideration and how they can be most readily differentiated. This leads
to the obvious question of vyhether formal descriptiohs have any purp'ose at all. In order .

to determine what the taxonomically significant features are, one must examine every

possible structure and keep .some sort of record of what is found with respect to

individual species. | think that these 'records’ or descriptions of all details’ studied should

be included in revisionary treatments for several reasons. The description is a record of

exactly which structures were studied, in others words, these are the data that the
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‘conclusions’ or Dmgnosns and leferentlatlon .are based upon The descrlptlons are a

permanent record of the basis for the taxonomlc conclusions. It rs unfortunate that too

»many ﬂOl’lsth and taxonomic treatments present only data. In some publrcatlons the
. features cons:dered taxonomlcally 1mportant are italicized in the. descrlptlon however, |
fee! that these featur,esi_'gre better discussed as a coherent unit and in a more flowing
style than is possible within the confines of a formal description, Also, further details of
explanation can be added. Therefore, in the present treatment such basic structures as
leaves, seta, spores and calyptra are italicized in the descriptions for ease of access to
particular information. The more functlonal aspect of descrlptlons is that they serve as a

reference for details not treated in Diagnosis and leferentlatlon

Line Drawings and Scanning Electron Microgra'phs: Line drawings of a plant habit,
capsules. and calyptrae are based on dry specimens and were executed under.a
stereomicroscope with the aid of a drawmg tube. Line drawmgs of leaves are based on

thoroughly moistened materlal placed on a slide wnth the adaxial surface down and

compressed under a cover slip. The drawings were done under a compound miCroscope .

wrth the aid of a drawmg tube
Scannmg electron microscopy (SEM) is' regarded not as a replacement for llght
microscopy, but as ‘an aid to critical interpretation and as an effective mode for

ilustration .of small and/or complex structures that do not lend themselves as well to

pretation by means of line drawmgs or words (Magill & Horton 1981). Spec:mens
re studled first with a llght microscope to. select examples representative of the
variation that characterizes a particular taxon. Theselected material (except for brown
spores) was then prepared forvSEM in the following manner: (1} hydrated in distilled
water, (2) sectioned freehand with a sharprazor blade (when applicable), (3) fixed in OsO,

for two to twelve hours, (4) dehydrated through lO, 20, 50, 75, 90, 95% sequence into

100% EtOH, t5) left in 100% EtOH overnight, (6) put through a 10, 20, 50, 75, 90, 95%

sequence into 100% amyl acetate, and (7) left in 100% amyl acetate overnight. The

_material was then critical point dryed and mounted either on double sided tape on stubs '

or in glue {Mikrostik} on stubs. Brown spores were mounted directly in glue on stubs wuth

\

no prior preparation.

ARG v oy
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' pelieve that these maps represent virtually all of the information that is currently available

. on each taxon (as of July 1981), with the exception of some Greeniland Ibcalities because
- C's specimens have not been made available to me. | have attempted to map as many of
the taxa that occur in Europe as possible, but have found this to be a time—coesumiﬁ_g
tasr because of a basic lack of familiarity with place names compoueded by problems of
illegible handwriting and languages in which | have little, if any, proficiency: Therefore. the
time constraints have limited me to mappihg only ‘the scarcer taxa. A polar projection of
- those that occur in both North’ America _ane, Europe or Eurasia is included. The. gaps in the
' Asian portien of the polar projections are aimost certeinly artificial, but | have no way of
knowing whether they represent disjunct collecting Iocalltnes or If the maps would be
much more complete if the specimens | requested from Dushanbe LE and Shenyang had
been made available. Those taxa that are endemic to South America are mapped.
Specimens Examined: Citations g/ }cvmens exammed can be considered worthwhlle
for several reasons. They can be used to document the localities indicated on dustrnbutlon
maps, particularly disjunctions or edges of a range. Such documentation makes it
possible to check the placement of a particular dot or to locate the specimen on which a
recerd is based in order to check its identity. Secondly, lists of specimens give some
 indication of the total number of specimens of each taxon that were examined and upon
which the descriptAion is based. Finally, one can recjuest a loan of one or more of the
specimens cited in order to gain an under.sfanding of the taxonomist's concept. However,
| feel that none of these purposes, nor all of them coliectively, is of sufficieht
'importance to warrant the amount of space that ‘specimen citations consume in 3
publication, to say nothing of the time involved in compiling such records. Therefore.
after Iengthy consideration’ | have decided "not “to include  detailed records ©Of
representative specimens e‘xamvined for each of the taxa included in this treatment. | have.
however, tried to make some of th’e information available in @ more: concise manner by
listing for each taxon the number' of specimens. ekamined and annotated in each
herbarium (nu'mbers.abové“zo are rounded off to the nearest five). In total, ever 10,000

specimens have been annotated.

&
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1. TAXONOM|C TREATMENT
Strycture

Overview. Thg most distinctive feature of the Encalyptaceae is the long-campanulate,
mitrate caIVDtr that extends at least to the bage bf the Capsule. Spemes of
Encalyptaceae are predor‘nlnantly autoicous and popul ations generally consist of plants

covered by 8 Mgss of sporophytes. The cylindric caPsuyle is exse’ted, but the seta is very

variable in lehgth Trie family is noted for the diversity of Peristome-types that

characterize thy different species, inCluding those that are long 2d double, shorter and
smgle or commetely lacking. Vegetatively, the plants have a pottiaCeous, appearance. The

leaves ar€ Quity proad and oblong with a well-developed, single ©OSta. The upper laminal

cells are Morg_,r_|qgs isodiametrici- bulging, and. in all exceP! ©ne species, densely

papillose. The Strikingly differentiated baSaI‘cellsAare considerably 'af‘ger and oblong with

| omooth walls except fof One species With the walls papillose O" One surface. In most

species the transverse walls of the basal cells are thickened and More—or-jess intensely

colored. : v o .

Haplt. Plants of Encalyptaceae are aC-rocarpous. They grow erect; however, the
produstion of the terminal sporophyte does nOf" terminate 9"OWth of the plant. A

subtermmal lnnovatlon is subsequently Produced and this becomes the main stem of the -

. plant until it Yoo is terminated by @ sporophyt€ and the whole cycle is repeated

Therefore, the main stem is branched monopodlally Ad dmonal |atera| Cranches are

produced in a|; species of Encalypta but not m EQLQQQOa apparently lndependently of

the Productlon of a-sporophyte, and these |ateral branches also f“nCtuon o g Stems

with terminal sporOphytes and subterminal innovations Therefor®. pPlants of species of

'EDQEEZQIQ are  more- _or-less branched gnd abPear quite dense, while those of

la Qor\Slst of a S'ngle stem

e 'ength of the vegetative plants Of Encalyptaceae, some of which exceed 40
millimetres. is Not a very accurate mdlcatlon of their size (as wlth Most bryophytes):- for

the most part \ength reerCts Ionge\llty Judging bY the. constderable length of plants of

31
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some s.pecies of Encalypta they may well live from ten to twenty years. Plants of
EDLQbI'_III%Dlé do not seem to be as long-lived, perhaps enduring up to a maXimum of five
years. Size of plants ;:f Encalyptaceae is most accurately estimated from the length of
the Iéaves. éy corﬁparison to other Northern Memisphere, acrocarpous mosses the blants'
are of moderate to small size. A generalization is that they ére smaller than most species
N of' Dmnanum, larger than most species of Trichostomoideae and very similar in sjze to .
such Po&ioideae as _'[_le[a and Desmatodon species. However, within the Encalyptaceae
there is considerable variation in size of different species. The largest have leaves as long
as six or eight ’Arﬁnillimetres, while those of the smallest species are only up to MO or
three millimetres Ioﬁg.

The overall color impression is a very important feature that defines plants of
many species of Encalyptaceae. Coloration of the leaves, costa, seta, capsule, peristome
{when present) éhd caliyptra blend and impari_particular. tones that, in some cases, gre go
striking as to make positive identificétion possible wi.thout the aid of any Magnifying

device.

Stem: In species of Encalyptaceae, the stem is more-or—less round in transverse sgction
ahd the constituent cells are differentiated into two or three types. Plants of. all species
of Encalyptaceae have an epidermal and a cortical layer. The epidermis consis_ts of one to
three layers of cells that are more-or-less equal in size, but are smaller ang the
dark—orange wails are tHicker than those of the cortical cells. Most of the stem consists
of cortical cells that are parench'ymatous in shape and rather irregular in size. The walls
" are thin with slight corner thicken;mg‘s and yellow or orange.'A distinct tentral strand of
very small, thin—walled, pareng:hymatous and hyaline celis (Fig. 1) is always pregent in
some speCiés, but in others thé central strand is indistinct or undifferentiated (Fig. 2). In
older pbrtions of the stem all of the cell walls are generally more darkly colored and

thicker than in the distal younger parts. . r;‘

1
*

Asexual Reproductive Structures: Specialized asexual reproductive bodies occur in two

species of Encalyptaceae, E. streptocarpa and E. procera Flowers (1938) stated that

"Brood bodies have been observed in nearly every species, [of Encalyptal especially



Figures' 1-4. Andtomy of Stem; Aséxual Reproductive Structures.
| Figs. 1 & 2. Transverse Sections of Stem. Scéle=100,um.
_ Fig. 1. Bryobrittonia longipes. 'Néte central strand.
Fig 2. Encalypta ciliata | ,
Figs. 3 & 4. Encalypta s_t[_amggam_a Brood bodies. Scale=400 um.
| Fig. 3. Brood bodies in axils of Aleavés of sterile plant

Fig. 4. Brood bodies with lower stalkk and profusely branched
uppef portion.
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asterile plants of rather moist habitats.”. On the basis of my stuay of many.specimens of
all species of Encalypta | am unable to support this statement. As far as | have beén able
to determine, brood bodies as described below occur only in the two specie§ cited
above. Flowers described brood bodies as "..mostly oblong or filamentous, multiseptate,
reddish—brown, borne in the axils or the b‘ases. of the leaves.”. It is marginally possible
that his definition includes those struct:.xres treated here as axillary hairs (see below) but |
have never observed these to be anything but hyaline in color.

Correns (1899) suggested .that brood bodies of E. streptocarpa (as K contorta
are in many respects similar to those of Bryum capillare L. ex Hedw. He described those
of E. streptocarpa and gave a detailed account of their developmental history. He also
reported that brood bodies of E. procera are very similar to those of E. streptocarpa, but
he had only seen one specimeh of the former species and it appears from his
description that the plants were not in the best condition. | have found the brood bodies ,
of E. streptocarpa to be indistinguishable frém those of E. procera and some of Cwrrens’
concepts are incorporated into the following description. More—or—iess dense clusters
of brood bodies occur in the axils of leaves ('Fig 3) génerally on stems that lack
sporophytes, although they are also found on the lower part of some plants with
sporophytes. The brood bodies can be considered to consist of two parts, the brood
bodies proper and the lower stalk to which they are attached (Fig. 4). The cells that
comprise the stalk are rhizoid—like in character. hThey consist of unbranched, or at most
once-branched, filaments of oblong cells with oblique walls. Up to ten or twelvé

" filaments are joined laterally' to form a uniseriate mat. The superficial walls are smooth
and orange to h;aline. The brobd bodies proper are a profusely branched mass of
d'!screte filaments that develop from the upper par\t of the stalk. _Thg short—oblong or

4 quadrate cells are approximately as wide as they are high and the walls are perpendicular.
The s"IightIy roughened superficial walls are dark—brown and strongly thickened, although
in some the Iongitudinél walls along one side of the filament are thin giving it -an
appearance (with Ii.ght microscopy) reminiscent of the annulus of a leptosporangiate fern.

Correns (1899) reported protonema to develop from the apex and the base of
brood bodles of E sj__emgga_pa The brood bodies germinated only i light with the

exclusion of carbonic acid from the medium. He also reported that Berggren had
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obéervad the germination of brood bodies of E. procera and furthermoré that parts of
leaves of this species easily develop protonema. Correns concluded from this that the
monoicous species, £ procera is better equipped for asexual -reproduction than the
closely related, dioicous speciés,iﬁmp_tg_gama, |, too, have observed brood bodies of
E. procera to germinate and have found that they readily do so under conditions of
indirect sunligﬁt for approximately 12 hours alternated with 32 hours of darkness on a

nutrient—free substrate of moistened, sterilizéd sand.

Axillary hairs: Saito (1975) .drew attention to the need to differentiate between
paraphyses, that is, those filamentous structures assoc:iated with antheridia, and cauline
paraphysis—like structures, whiéh he terrﬁed axillary hairs. He aiso reported paraphyses to
be uniformly thick—walled and pale yellowish—brown, while axillary hairs were said to be
distir\guished by hyaline walls (althouéh he did note that in some species one or two basal
cells or in otheré the uppef'most cells are brownish). In the Encalyptaceae, | have found
the antheridial paraphyses to be hyaline and only the upper cell walls are thickened. Also,
in some species of Encalyptacéae, | have observed cauline paraphysis—like structures,
which accord with Saito's description of axillary hairs, In Bryobrittonia and £ affinis there
occur along the stem and also attached to leaf bases, mats of unbranched, hyaline and
thin—walled fila\men_ts that are up to two millimetres long These filaments are joined
léterally at the base and each uniseriate mat is enélosed in a gelatinous substance. While in -
some respects these structures (particularly the more-or—less unbranched, thin-walled
~stalk portion) are suggestive of the brood bodies in E streptocarpa and E m_a the
walls of the axillary hair;; are transverse, not oblique as they are in the stalk of the brood

bodies.

Leaves: The leaves are spirally arranged around the stem in all species of Encalyptaceae.
but they appear denser and the planfs more luxuriant in some species. Po‘ssibly this
reflects the larger size of the ieaves of some species, but it Fnay also be a function of a
shorter phyliotaxis. Wheh dry, the leaves clasp the stem slightly below and are
erect-spread above with the apices more—or—less incurved and twisted. The laminae are

incurved to conduplicate in most to more—or~less inrolled in a few taxa The costa forms
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a more-or-less prominent keel on the abaxial surface of the leaf. There are specific
ldifferences in the degree of contortion of the leaves. In some species the leaves are
only slightly twisted in the upper part, in others they are strongly and irregularly or quite
regularly twisted. Moist |eaves are erect—spread to recurved—spread with the laminae
inflexed. The lower leaves on‘the stém tend to be smaller than the upper and the apex is
muticous.in many, even if the upper leaves are hair—pointed. Scale-leaves (Fig. 81) have
been observed only in Bryobrittonia on the lower part of the subterminal innovations that
develop below the perichaétia and perigonia. In the Encalyptaceae the width of the leaves,
and particularly the7 length, are variable within individual species. This is particularly
apparent in those that have longer leaves. For example, leaves of £ streptocarpa have
been found to vary from three to eight millimetres. The leaves of most species are
oblong (Fig. 7), narrowly ovate—oblong (Fig. 8), narrowly elliptic-oblong (Fig. 5) or
narrowly obovéte-oblong (Fig. 6) with the apex abruptly narrowed and broadly acute to
rounded (Figé. 5-8)." However, most populations _ofﬂ alpina have the leaf gradually
tapered to a narrowly acute apex (Fig. 9). in the Encalyptaceae, the apex is muticous (Fig.
5), mucronate (Fig. 8), apiculate (Fig. 9) or hair—pointed (Fig. 7 — lower left), but the
variation is interspecific, not intraspecific, in most cases. In E affinis thére is
intraspecific variation; however, this variation is not Irandom and differences in structure
of the leaf apex correlate with distinct geographical patterns of distribution. Color of the
leaves is different in many species of Encalyptaceae and contributes to the overall color
impression of the vegetative plants. Brown tones are dominant in one species, black in

andther, yellow in still another and so forth.

Leaf Margins: Almost all species in the Encalyptaceae have the margins entire (Fig. 22).
Brygbrittonia is the sole representative with crenulate margins {Fig. 23). While the margins
are either plane (Figs. 5, 9) or recurved (Figs. 6,8), this variation is generally interspecific,

although there are a few exceptional instances where intraspecific variation occurs. The

“recurvature is from the narrowing of the apex nearly to the leaf base in some species; in

others it is from the mid—point of the leaf to the point where the basal cells begin. In still
others, the recurvature is less uniform within individual speciés. in some populations, the

margins are intermittently recurved from the narrowing of the apex, but in others they
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Figures 5-9. Variation in Leaf Shape. Scale=1 mm.
Fig. 5 Bryobrittonia longipes
Fig 6 Encalvpta affinis subsp. affinis
Fig. 7. 1(Clockwiqse from lower left) Encalypta brevicolla Encalypta
Fig. 8 Encalypta ciliata
Fig. 9. Encalypta alpina
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are recurved only in the mid-portion.

Costa: A strong, single, well— déveloped costa characterlzes all specnes in thev
Encalyptaceae {Figs. 59 However in different specms and exceptionally within a single
species, it is excurrent, percurrent subpercurrent or ends well below the leaf apex (Figs.
5-9). Prommence of the costa on the abaxial surface varies mterspecnflcally for the .
most part so that some species have strongly keeled ieaves while others have a less
distinct keel. The ornamentation and color of the abaxial surface are also important
taxonomically. in some species the surface is" prerfectly smooth throughout (Fig_.‘ 12), in

‘ otﬁers it is quite densely papillose‘ (Fig. 1N oritis smooth above (some have sparse, low
scmdulae distally) and densely paplllose in specific areas ‘below. The papillae on the costa.

"o

are similar in structure to the Iammal paplllae {see below) or they are larger, —shaped '
and moré strongly "branched with longer branches. In still other species there are s_hort
or, exceptionally,\lcb'ng, spinose projections (Fig. 13) instead of or in addition 'to papillae.
These pro;ectnons are simple (very few are branched apically) and hollow basnpetally A
smooth costa appears very shiny under the stereoscope and papullose areas appear
correspondmgly dull. The color of the costa varies most mterspecnﬂcally, It is green,
yellow, golden, dark-red’ or dark-brown. In some species the color is quite different
frjpm ‘the.. coloration of the Iamina‘e,. in o{hers it is very similar. in- all' Encalyptaceae, the
adxial ‘E;uffa(:e of the costa'is covered by Iam@l—fype cells in tﬁe upper part (Fig. 10)
and smooth below, approximately from the point wheré the tranéitionql cells (see below)
begin. | '

; In transverse sections of the costa, there is an abaxial stereid band, but never an

-’

adaxial (Figs. 14-15). Brotherus (1924) reported the Encalyptaceae to have ".starkem *
andet.

dorsalen und Schwachem ventralen Ster " and included a figure of a transverse

sectlon of E. s_t[_ep_tgg_ar_o_é taken from Limpricht (\ES?O). In this figure, there are a few

cell_s, just below the upper epidermis of Iammal—type calls, that could be interpreted as

' stereids.. | have observed such ceils in transverse sectipns of species of Encalypta {3:
although in"my experience the lumina are not as small as those of the stereid bands on .
_ B 3

the abaxial surface, but are more like the laminal—type ells of the upper epidermis: !@ﬁv:

Therefore, | would not consider this to be a se&){d stereid band. In transvere sectlon of *

5 o ‘ . . v' é"._ o }( , ,‘;'_3




Figures 10-i5. Structure of Co:sta.
Figs. 10 & 11. Encalypta brevicolla Scale=40 um.
Fig 10. Adaxial surface S
) “.Fig. H‘. Abaxial surf‘ace.b ; ) , v
Fig. “12. Encalypta microstoma Abaxial surface. Scale=40 um.
Fig. 13. Encalypta armata Abaxial surface. Scéle=100pm.
Fig. 14. Encalypta mjgr_o_sjgma Transver;e section. Scale=40 Am.
Fig. 15. Bryobrittonia lgnmp_e_s Transverse section Note central group

. of begieiters. Scale=40}(m.
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the costa three or perhaps four different cell-types are;recognizable in -all species of
Encalyptaceae (Figs. 14-15); in addition, begleiters are more-or-less differentiated in-

Bryobrittonia (Fig. 15) and a few species of Engajxpja Walls . of all c'ells, except the

begleiters, are evenly, more-or—less 'strongly: thickened and the different cell—fypes are

N

‘differentiated primarily by differences in size of the cell lumind The epidermal cells on

the adaxial ‘surface are slightly smaller but otherwise undifferentiated from the laminal
cells. 'Below the epidermal.cells is a prominent clustef of ventral cells with large lumina,
There are from two up to four or five rows of these cells and size of the lumina
increases slightly towards the abaxial surface The abaxial portion of the costa consists
of from two to eight rows of stereids. One to two rows “of abaxial epidermal cells are
slightly enlarged in some.v The variation in the number of stereid bands is taxonomically
important and _'tends not to vary much intrasbecifically. A small, central cluster of
beg'leiters with minute or small lumina and very thin walls occur below the ventral cells,
consistently in Bryobrittonia and sporadically in.some species of Encalypta In superficial
view, the cells on the hbaxnal surface of the costa and .on the lower part of the adaxial
surface are short or long and narrowly oblong. | have not found any taxonomlcally

significant differences in the shape of these cells as Crundwell and Nyholm (1962) did ‘

with Tortella inclinata (Hedw._f)) Limpr.

r

Leaf Cells: All specues of Encalyptaceae have umstratose laminae (ans 20 21). The

upper laminal cells are more—or- less |sod|ametrlc to subquadrate or short-oblong and

“slightly angular with rounded. corners (Figs. 16-19). In most. species, ‘they measure

approximately 7-18 um wide by 7-23 ym long, although they tend to be slightly smaller |
in some sp‘ecies. %‘hose of Bryobrittonia are generally somewhat larger. The walls are
thickened and they bulge prominent}y on both surfaces, but sfightly less on the abaxial in
many species (compare Figs. 16-17, 18-19). In Brygbrittonia, the walls are superficiélly)
smo’&th on theédaxial surface and smooth with a distinct contraction in the upper part on
the abaxial (Figs. 18-19, 21). In contrast, the céll walls are not smooth in specie.s of
Encalypta, but are further elaborated by papillose protuberances on both surfaces (Figs.
16—17). Eacr{\)aﬁ'illa coqsists of a basal stem supporting a cluster of very short, diéitate
branches (Fig. 20). The cell lumin extends into the base of the papilla in some species _aﬁd

|

|

o



Figures 16-21. Upper Laminal Cells of Encalypta and Bryobrittonia.

um |
Figs. 16-17. Encalypta ciliata.
Fig. 16. Abaxial surfac;e,
Fig. 17. Adaxial ‘surface.
Figs. 18-19. Bryobrittonia longipes.
| Fig. 18. Abaxial surface. |
Fig. 19. Adaxial surface..
Fig. 20. Engaup_ta procera Transverse éectipn.
Fig. 21. B_Lmb[mgma fongipes. Transverse s:ection.

Scale=10






46

not in others. In superficial view, the papillae are more—or—less "c"—shaped in some
species, with short, knobby protuberances on the "c”; . {0 others, there are just knobby
probtuberances‘ and the "c” is less apparent_'There are from two to six .or eight ppptllae
per cell and the variation is primarilyvintraspecific. » ‘

One to two rows of upper marginal cells are subtly differentiated in all species of
Encalyptaceae. In s'peciés of Encalypta there is a single row and the lumina are ovate, with
the ‘narrow end positioned perpendicular' 'to the margin, to subquadrate The walls of
these celis are strongly ‘thickened'so that the’ margins are entire (Flg 22). In transverse
section the walls are somewhat flattened alﬂ}ough they are paplllose as the laminal cells,
| In Bryobrittonia, one marginal row of. cells in tr_me upper half of th\ef leaf are skewed and
more—-or—less rhomboidal in shape wiéh the upper corner free marginally (Fig. 23). This
gives the crenulate appearance to the margin.' In transverse section, the cell walls are
smooth. and ‘more-or—less plane, excepi in. the projecting corner where they bulge.
slightly on both surfaces. Below the mid—point of the leaf in Bryobrittonia, these marginal
cells grade into one and then two rows of narrowly oblong cells that ul;timately grade into
the basélfcellé. Therefore the leaf margins are entire. in approxirhately the lower half of
the leaf. In transv;arse section the walls of fhésé obiong, h\arginél cells are plane so that in
superficial view under the stereoscope they are visible as a very narrow, shiny border.

in all species of Encalyptaceae, the enlarged, oblong basal cells are quite distinctly
differéntiated from the upper cells. This is most sfriking in the genus Encalypta because
the smoothness of the basal cell walls (in all but one species) is a striking contrast to the
strongly papiilose upper cell walls. However, the transition to the basal cells, which ‘
occurs approximately two-thirds. of the distancé below the leaf apex, is relatively
gradual in some species of E_n_QaLyp_ta while it appears rather abrupt in others.v This is an
important taxonomic feature that is attributable to differences in ornamentation of the
walis of this group‘,of cells, which ! term transitional cells. These cells are qu'_adrate to
oblong and more—or—less chlloropilwyllose. In surféce view the walls are somewhat
thickened and papillose above to more—or—less smooth basipetally. Structurally the
papillae are ‘like those oh- the upper cells or they are enlarged, "o"-shaped and
much-branched with long branches. On the adaxial surface, the walls of the transitional

celis in some species are, for the most part, plane and smooth, while the papillae‘extend

I . ’ '
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Figures 22-27. Upper Marginal)Cells; Transitional Cells.
| Figs. 22-23. Comparison of Leaf Margins of - Encalypta and
Bryobrittonia « |
Fig. 22. Encalypta brevicolla Note entire margin. Scale=20 ym.
Fig. 23 Bryobrittonia longipes. Note crenulate margin. Scale=10
am N , P | .
Figs. 24-27. Variation in Transitional Cells of Species of Encalypta
Figs. 24-25. Encalvpta brevicolla - |
.Fig. 24 Abaxi\al surface. Note that papillae extend to basal cells.
Scale=100 gm. | -
Fig. 25. Adaxial sur'face‘ Note that papi‘llae end well above basal
cells. Scale=200um.
Figs. 26-27. Encalypta streptocarpa Scale=100m.
Fig. 26. Abaxial surface. Note that papillae’ extend. to basal cells.
Fig. 27. Adaxial " surface. Note -that papillae extend almost to

basal celis.
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s .
considqrably farther basipetally. on the abaxial surface (Figs. 24-25). in others, the

papillae extend almost as far down on the adaxnal as they do on the abaxnal surface (Figs.
26-27). When the papillae on thé abaxial surface or on both surfaces extend down to
the basal cells that are differentiated by colored walls, the |mpress|on is of a very abrupt
transition from the upper cells to the basal cells . In contrast, when the transitional cell
walls are smooth well above the basal cells with dolored walls, the appearance is of a
very gradual transition . Plants of Bryobrittonia have transitional cell walls that are smooth
and buiging to plane basipstally on both surfaces

The hasal laminal cells are mostly oblong in shape (Figs. 28 31), but are generally
both longer and wider than the transitional cells. The superficial walls are virtually smooth
and plane in frahsverse section in Bryobrittonia and all species of En_cal,yp_ta (Fig. 28),
except E. affinis. In the latter species, there are papillae on the abaxial,surface ‘of the
basal celis, part|cu|ar|y along the leaf margins (Figs. 30—-31). The basal laminal cell walls\
are either hyaline in Bryobrittonia or they are brownish. Neither the transverse nor the
" longitudinal walls are thickened, or agly slightly and evenly so. In contrast, in all species of
Encalvpta, the transverse walls are more—or—less thickened, particularly at the corners,
and the longitudinal walls are thin. However, it is not so much the thickenings but the
coloration of these walls that differentiates more—or—less the basal laminal cells in
species of Encalypta The transverse walls are moré—or-less colored, at least in those
cells nearer to the costa and the longitudinal walls are either hyaline or more-or—less.
colored. The pattern of coloration of the transverse and longitudinal walls, that is’, shade
of color and whether one or both are colored, is an imporfant taxonomic feature that
varies interspecifically in many instances. In some species, both the longitudinal and
transverse walls are dark—orange, in others only the trae}sverse walls are, while in still
others the transverse walls are a very pale yellow.

A notable feature of the basal laminal cells of species of Encalyptaceae is the
pefforation of the walls {Fig. 29). As early as 1890 Limpricht reported that "..die glatten,
diinnen Aussenwande zum Theil resorbirt, Querwanq( verdickt ‘und meist in der Mitte
durchbrochen,..”. Recently, Edwards (1979) reported that resorption pores occur in all
three pottioid orders, that is, the .Pottiales, Syrrhopodonta|es' and Encalyptales.

Furthermore, he pointed out that ‘the shape and distribution of thése pores is an



Figures 28-33. Basal Laminal Cellé: Perigonia.
Figs. 28-31. Basal Cells of Species of Ehcalypta
Fig. 28 Encalypta brevicolla Abaxial surféce showing basal cell
walls entire.” Scale=50 pm. ‘
Fig. 29. Encalypta mm Abaxial surface showing basal cell
walls perforate. Scale=100um. -
Figs. 30-31. ‘Engauma affinis. Abaxiél surface showing{ papillose
walls of i:asa! cells.
Fig. 30. Scale=100ym. -
. Fig. 31. Scale=40 ym.
Figs. 32-33. Perigonia
Fig 32 Encalypta microstoma Bud-like perigonium attached to
base of costa Scale=400 pAm.
Fig. ~ 33. B_ughungma longipes. Paréphyses with inflated upper

2P

cells and antheridia Scale=200/um.
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important taxonomic feature at the family. sﬁbgghus, section and species level in the
Calymperaceae. Nowak (1980) reported the occurrence of, and illustrated with SEM's,
pores in the basal cells of species of Mitthyridium In species of Encalypta the¥ansverse
walls are porose, each with a single Ia;ge pore, while they are irregularly perforated in
C ia. The superficial cell walls on both the adaxial and abaxial surfaces are entire
(Fig. 28) or irregularly more-or-less perforated (Fig. 29). in all species of Encalypta. but
they are entire in Bryobrittonia | have been unable to c;etermine any specific differences
in either the shape or distribwtion of the pores or perforations among the species of
Encalypta in contrést to Edwards (1979), who was able to demonstrate such differences
among the species of Qalxmp_em that occur in western Africa
in all species of Encalyptaceae the basal cells are moré—or—less differentiated in
shape marginally. That is, they grade from the broad, oblong laminal cells ir;'to narrower
and short~- to very.-long‘—oblong cells. Furthermore, in species of Encalypta there is a
gradation f'rom the basal laminal cells with strongly thickened transverse and thin
longitudinal walls to marginal cells with slightly thicker longitudinal walls and less
thickened transverse swalls. As with the basal laminal celfs, coloration is the most
important taxonomic feaiure of the basal marginal cells. Some species ot Encalypta have
the basal marg'inalb cells colored more~or—iess as the basal laminal cells so that the
former appear undifferentiated from the latter. In other species, there is a distinct,
more—or—less broad, marginal border of cells that are uniformly pale green in color in

contrast to the more—or-less colored

marginal border includes cells that st iu,y would be coﬁsidered basal laminal - cells
{that is, the transverse walls are strongly thickenéd). The presence or absence of this
dif ferentiated basal marginal border is a sound taxonomic criterion that is useful in
distinguishing between many species of Encalypta In the genus BQLngana, the basal
marginal celis are undifferenfiated in color from the basal iaminal ceils. lﬁ a few spécies

of Encalypta the upper corner of each cell in the outermost row of basal marginal cells is
(' T r

free so that the margins are minutely crenulate, but there is interspecific variation and the

margins are entire in some populations. There are from two or three up tol‘20 rows of

marginal cells, which grade into the basal cells towards the costa and basipetally. The

gradation .is very gradual in some species with indistinctly defined, that is, pale colored,.

walls of the basal laminal cells. In some taxa thig,

LE



basal cells 7(end more abrupt in those with the basal cells dark colored The walls of the

ul&

‘ margmalkc’:ells are generally smooth except in.a few specaes of Encalypta which have

paplllae on the outer walls of the margmal ceIIs

Sexual Condmon Both the gonuautoncous and the dioicous sexual condltlons occur in the
Encalyptaceae SPOI’Ophy‘tes are consnstently found on plants in most populatuons of most

specnes of En;,alxp_ta Only in £ nge_ca and E mmg_gar_pa are sterile populatnons of

’ frequent occurrence, and E. ;_ty;eg_tg_cama is the only species of Engalyp]a that is dioicous.

All other species are gomautmcous with lateral, bud-like perlgoma borne below the

terminal perichaetium along the stem or attached to the lower abaxial surface of a costa

. on a very short stalk (Fig. 32). The vegetative leaves grade into the perichaetial Ieaves',

which are ‘not much differentiated except for a more—or-less broad and.relatively long, -

’sheat'hing base. Also, theibasal cells tend to be less distinctly differentiated with the

W

transverse walls paler in color and less thickened than in the vegetative lea\res Generally
the: perigonial leaves are very short approxnmately one ntiiﬁmetre Iot\g and broadly -
sheathing. The shape of the leaf apex tends to correlate with that of the vegetative
leaves. In other respects, cell shape and size, ornamentatlon and coloration of the walls,
the perigonial leaves are more—or—less hke the vegetatnve leaves, allowing that some of
the features are necessarily obscured by the reduction in size. There are approximately
five ar, six antheridia surrou'nded by numerous paraphyses, but the nymber is somewhat
variable. ‘ | N |
Encalypta sl:_ep_tggam and Bryobrittonja are the two species of Encalyptaceae
that are dnoncous Few populatnons of EL)LQ.bLIana have been found with sporophytes.
yet there are ‘many collections of i s_t[gmg_ga[p_a wuth sporophytes Concerning E..
s_t_gpm_qa[p_a, Limpricht (1890) observed *.in der Ebene selten und meist sterll haufig

durch das gesammte Bergland, hier, an beschatteten Stellen oft reichlich fructend in

hbheren Lagen des Alpengebletes fast nur sterul' In’ both Bug_b_m‘o_ma and E

: mmggam even in those populatnons with sporophytes perigonia are rare and the

number of plants wuth sporophytes greatly outnumber those with perlgonla in

'populatuons of Etmbumnm that consist of plants without sporophytes, archegonia are .

generally present, but anthendnal plants do not occur. | have seen the opposite situation,

&
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of a ﬁopulatlon consnstlng solely of antheridial and sterile plants only once. The terminal
perigonia are relatively massive and, with the surrounding leaves, appear not unlike the
mflorescence of some Compogvtae ‘The perigonial leaves are little d|fferentlated from
the vegetative leaves, except that they tend to be somewhat broader and sheathlng and
shorter The number- of antheridia probab1y approaches thirty or forty and these are
surrounded by a mass of -p%raphyses. '

As noted above, Saito (1975) reported paraphyses, in contrast to axillary hairs, to

be uniformly thick—walled and pale yellowish—brown. In all,species of Encalyptaceae they

_ are hyaline wuth only the upper walls slightly thickened. Species of Engal,yp_ta have the

walls uniformly smooth on all paraphyses or there are some with very sparse fow,

rounded papillae. While | have not found the latter feature in all species of En;;auma, I

suspect that it is a sporadic variation that probably occurs in most, if not all. These ;-

papillae have not been observed in Bryobrittonja. Another modification is that the upper
cells of some paraphyses are dwnded Iongutudlnally This character:stnc occurs _in:
Emhmngma and has been observed in some species of Enga],ym but as with the
papillae, probably occurs in most Among the SbB@C\IeS of Encalypta. the ‘cells of the
paraphyses are more—or—less uniform in size.,In contrast, those of Bryobrittonia are
differentiated with- the lower cells of comparable size to all of the cells in Encalypta but

o

the upper cells in Bryobrittonia are quite abruptly er'(f\f"arged' {Fig. 33).

 Seta: In the Encalyptaceae the |ength and color of the seta are important taxonomic

B

features. While there is some intraspecific variation in length, the mterspec:fnc

differences are generally greater. The seta is as short as one or two millimetres in some

- species and as long as 30 millimetres in others. In most species of Encalyptaceae the

. color tends to.be constant within a specnes and varies from yellow, orange ar red to

-almost black. In some species the seta, IS a different color near the base of the capsule

When the seta is old it is dull-orange in most species and therefore not taxonomlcally

useful. The seta is slightlyd/twisted sinistrorsely in the lower part, except in those species

“with a very short seta, and more—or—less strongly twisted dextrorsely just below the

capsule. There is little inter specific variation in the diameter of the seta, and in most

species the diameter is much the same throughout the Iength of the seta However, |n

K
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L Bryobrittonia and E. Wem is generelly more—or=less tapered distally so
that it is smaller in diameter near tHe base of the capsule than it is where it cennects with
the vegetative plants. In transverse eection, the structure of the' seta is virtually identical
.throughout.the‘ Encalypta'ceae (Fig. 34). There is a distinct central strand of minute,
parenchymatous celis with thin, yeliowish walls. Such ceils have been considered to be
hydronds (Hébant 1977) Surroundmg the central strand are more— or less enlarged celis

with thick, orange walls. The cells are progressively smaller and the walls thicker

centrifugally. The significance of such anatomical structure has been reviewed by Hébant

(1977).

. Ca;:sufe: In all species of Enealyptaceae, the erect capsule is cylindric (Figs. 40—46);

~however, there are specific distinctions in finer aspects of the Q\ape For example, the,

capsule ts berfectly smooth with a turgld appearance in some species (Figs. 40, 44),
deheately striate (Figs. 41, 42)or dlstmctly—phcate (Figs. 43, 45)in others. Also, in most
species, there is a rhore-or-less distinct: constriction fyst . ,below the mouth of the
capsufe (Figs. 40-41, 43 45-486), while some have the capsule contracted to the mouth
(Fig. 44). In most .species of Encalyptaceae the capsule consists only of an urn, but a
"~ short neck is dlstmctly dlfferentlated in _E,_]Qngj_g_Q]_ta (Fig. 46) and md:stmctly in some
populations of E,_ affinis and E. brevicolla. in several -species of Encalypta there occur
capsules that are more-or-less marké”aly different in shape from those chqracteristic
 for that species. The most notable features of extremel ferms of such capsules are the
minute mouth (Fig. 239) and, in those species with a penstome the distorted, teeth. In
some, the operculum |s mdehnscent There is structural mtergradatlon between these
capsules, which | term aberrant, and thosé that are typical for a species. Also, plants with
aperrant eepsules are differe'ntiat,ed'i_n ‘no other features and, as noted above, the
’ eccurrence of aberrant cap_s:Jie’s traverses interspecific boundaries. Therefore, aberrant

capsules are regarded as some kind of a developmental abnormality and are given no
Q{ “ “

formal taxonomic recognition. For further discussion of aberrant capsules, see Diagnosis

and Differentiation of E_microstoma

» Color of the capsule is an important taxonon{J feature and the _yinterspecific

variation is greater than the intraspecific. In some species, capsules ar€ distinctly yellow

-
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Flgures 34- 39 Anatomy of Seta; Structure of Capsule.
Fig. 34. Bmgbpmgma longipes. Transvérse sectlon of seta Scale 50
: Hm.
Fig. 35. En_c_alyp_ta mpm_gama Revoluble annulus Scale—xflo;:m
Flgs 36-37. Transverse sections, showing varlatnon in thlckenlng of
exothecial cells. _ L . C Ny _
Fig. 36. Em:_a_lyp_ta microstoma  Note thlckenmg *ﬁl‘of both
superflc:lal and radial—longitudinal ‘walls, Scale-—40 Hm.
Fig. 37. Encalypta brevicolla Note sllght thickening of sUperf:clal
walls Scale =20 pm.
Figs. 38-39. Phaneroporous stomata.

Fig. 38. Enga_yp_ta s;r_ep_;g_gaﬁp_a Stomata restrlcted to base of

capsule. Scale 100 um.

Fig. 38. Eng_ajypjau ciliata s«:ale:g.o,mi.
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Figures 40-46. Variation in Capsule Shape.
40.
41.
42.
43.
44,
45.
4.6.

Fig.

#Fig.

/

" Fig.
Fig
Fig.
Fig.

Brvbrittant o

Scale=1 mm.
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or 'aq(k—orange, while the fones are much less vibrant in others that are pale—golden or
pale—brqwn. Generally, there is\a mo_re—or—leés bright-red rim at the mouth of the
capsule. The width of this rim, as well as the shade of red are important for making
distinctions at the specific level.
. Y
Exothecial Cells: The exothecial cells are rather irregularly oblong with square corners,
and they are quite broad and short (1:2) or longer and narrower (1 :8.).vThe superficial walls
are smooth. In most species of Encalyptaceae, the exothecial celis are arranged in
more-or-—less regular, Iohgitudinal rows, but in a few »t.he rows are spiral. At the base of
the capsule and just below the rim, the exothecial cells are harkedly shorter. and the
walls are thicker. | have been unable to find any taxonomically srignificant variation in-the
shape of the exothecial celis; however, the thickness of the walls and the location of the
thickenings are important. In transverse section through the mid—portion of the cépsulve,
the superficial and adjoining radial—ldhgitu.dinal walls are thin in some species, in others
“only the superficial walls are more—or-—less thickened (Fig. 37). These thickenings are
reétricted to groups of cells with other groups of thin—walled cells in between or, in
other instances, the thickenings are continuous. There aré a few species of En_c_al_m;a in
" which the superficial énd adjoining radial—longitudinal walls are strongly thickened in such

a manner that they give the appearance of a cut—out paper chain of tulips (Fig. 36).

Rim Cells: In all species of Encalyptaceae, one to eight rows of cells are more-or-—levss
differentiated at the mouth of the capsule. The variation is primarily interspecific. ‘In some
species there are only one or two rows, while in others there are si>:< or eigr;t The rim
celis are generally quadrate (1:1) to subquadrate (0:5:1) or short—oblong (1:2) and the
walls are thin to quite strongly thickened. In a few species the upper ends of cells in a
lower row slightly overlap the cells in the next row above. .

Stomata: Phaneroporous stomata (‘Fig_'s. 38-39) characterize all but twp species of
Encalyptaceae. In these two, Mﬂt_qma and_ﬁ streptocarpa. the stomata are either

phaneroporous or slightly cryptoporous. The stomata, which are oriented parallel with the

long axis of the capsule, are composed of two guard cells with subsidiary cells
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. undlfferentlated (Fig. 39). Paton and Pearce (1957) reported them to be of the long—pore

type. There is some mterspecmc as waell as intraspecific, varoa'uon in guard cell size,
particularly in _Iength, and in many instances, the guard cells that form a single stoma are
of different Ienéths, The 'guard cells are 25 to 50 microns long in some species, 30 to
60 in others and as much as 50 to 70 miérons in one. The stomatal apparatUé is generally
20 to 40 :'nicrans in width. The pgsitig‘n and number of stomata on the capsule are
important taxonomic features. They occur randomly over the surfacedof the capsule in
some species, but in othé;; they are restricted to the base of the capsule. Density of
stom;ta varies independently of position; however, Paton and Pearce (1957) reported '
that in many mosses there is'a genera\l’ relation'shivp between lenéfﬁ"of the seta and
number of stomata. They‘ reported 50 $tomata in E. streptocarpa, 30 inigﬂja;a and 15 in
N

Peristome:. There is considerable variation in the structure. of the beristome in the
Encalyptaceae. “An. outline of this variation follows with a more extensive discussion, ‘
based on Philibert"s {1889) work and my own observations, in the section on phylogeny.
Some species are characterized by ar peristome that consists of two, more-or-less
fused layers with sixteen outer teeth positiohed opposite sixteen inner segments (Fig.
47). The outer téeth (exostome) a;re long and linear with a vertical line extended along the
middle of each tooth on the outer’ surface {Fig. 54). in some, thé teeth are more—or-less
joined basally - by a very low, fenestrate membrane. There are more~or-less
well—developed trabeculae on the inner surface of each exostome tooth (Figs. 53,55). '
The inner segments (endost.ome) arise from a well-developed, pleated basal membrane
(Figs. 56—57) and are shorter than the outer teeth. On the outer surface of the basal
membrane, the joint between each segment consists of two, fused, revol\pte flanges (Fig.
56). These joints are positioned altérnate to the outer teeth. The outer surface of each
endostome segmenfk‘%i)?"‘ﬁgqivided {Fig. 56). On the inner surface, near the base of the basal
membrane, each segment consists of two cell plates (Figs. 55,57). Both the teeth and
segments are more—or —less roughened or ornamented by irregular, granular papillae.

_ Other species have a single row of sixteen teeth. In some, these ar‘e linear and

cor);;fst of two almost completely fused, opposite layers (Figs. 48 49, 58-60). The teeth .




Figures 47-52. 'Per’i'stome Types in the Enéa;yptacaae;
Fig 47. Encalypta 'p_[_Qg_e_La. Double peristome with two rows of "’
more~or—less unfused, opposite teeth. Scale=200 um. -
Figé.“ 48-49. Double periétome wi'Fh two rows of fused, opposite
teeth. Scale=100 am. ‘
Fig. 48. Encalypta longicolia
Fig. 49. Encalypta brevicolla
Figs. 50-51. Encalypta ciliata Single peristome. Scale=100 um.
‘ Fig. 50. Teeth well-developed. Y
€ Fig. 51. Peristome vestigial; teeth fraéile.

Fig. 52. Encalvpta bLQy_lQ_Q_S Peristome absent Scale=200um.
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Figures 53-56. Details of Peristome Structure. Scale=40 m.
Figs. 53-54. Encalypta streptocarpa Exostome.
Fig. 53. Inner surface. Note trabeculae. ‘
Fig. 54. Outer surface. Note vertical division of each tooth
‘ Figs. 55-56. Bryobrittonia longipes
Fig 55. Inner surface of endostome and exostome (right. Note
vertical division of endostome and trabeculae of exostome.

Fig. 56. Outer surface of endostome. Note that each segment is

~ undivided.

v






Figun.'e‘s* 57-60. Details of Peristome Structure (contd.).

Fig. 57. Bryobrittonia longipas Endostome, inner surface. Note that

~ each segment is vertically divided into two. Scale=50 um.

Fi.gs. .58-569. Outer surface of fused, double peristome showing
vertical division of each tooth, and exostome and endostome.
Fig 58 Encalypta longicolla Scale=100um.
Fig 59. Encalypta brevicolla Scale=50um

Fig. 60 Encalypta brevicolla Inner surface of fused, doub‘le\

peristome with vertical division of each tooth. Scale=40um.
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in this wtype of peristome appear 's.omewhat irregular as‘ if each is composed»of linear

bundles of cells h0wever the structure of the outer and inner_surfaces |s more—or less

»
snmllar to that of the outer surface of the exostome and the inner surface of the

endostome, as described above except that there is no basal membrane lFlgs 58-60).
Another type of single peristome is that Wthh |'term the cnllata-type Such' a perlstome

consnsts of a single layer of sixteen, lanceolate testh (Fig. 50), although a partial.

' secondary layer, or preperistome (Fig. 63), is present in some populatnons There is no

vertical dIVISIon on the outer surface of each tooth (Fig. 63) but% prepernstome is
vertlcally dlwded (Fug 63). The structure of the mner surface is with two cell plates\v
basally (Fig. 62), as described above. The outer surface is more—or—less ornamented but
the inner is smooth (Figs. 61 62) ;.

| Devﬁpm’eht of the ciliata- type perlstome is vanable both within and betw:en
spécgts Reﬁ‘:e development is most read’ly determmed by the color of the teeth. These
are dark orange ‘in well developed peristomes and pale orange or hyaline in those that

are poorly developed When the perlstome i very poorly deveteped, the teeth are

more—or- less truncate and the papillae are sparse (Flgs 51 ,84). | term such hyaline, -
-. poorly developed _perlstomes vestigial. A number of specres of Enga]ypja are
"-' [N <. '
“characterized by the lack of .a peristome (Fig. 52). However, rare populatnons of some

- species that generally have gymnostor,nous capsules have a: vestigial peristome.

Saito (19‘/7’5l described the origin and nature of the hymenium that occurs in some

t

species @f Pottiaceae as follows: "The cells of the upper portion of [the] columelia in the

_ ‘ L F v
eperistomate gpsule .are also shrunken when mature and mostly break off with [the]

operculum, but the marginal cells of the columella sometlmes rem& .s»: the mouth of the

capsule and later constitutg the hymemum in some species..” Among the gymnostomous
species of Encalypta there is a noticeable ring of tissue inside the rim of the capsule in
only one, _E_ alpina (Flgs 122-123). Thls tissue may represent a hymenium as descrlbed by

°

Saito..

Oper'culum' Variation' in the shape of the operculum more—or—less paraliels that of ‘the

. perustome Those species with a double peristome have an operculum that is long and

narrowly conic—rostrate; at the ofher extreme are those specres that have a sungle‘

b

[
%



Figures 61-64. Details of Peristome Structure (cont'd).
" Figs. 61-62. Encalypta giliata Scale=40ym.

. Fig. 6’1 Outer surface of tooth. Note papillae.

| 9) 62. Inner surface of tooth. Note vertlcal division of "each

tooth in lower part. 5

Fig. 63. Encalypta rhaptocarpa Preperistome. ‘Note vertlcal division.

~ Scale=10um.
Fig. 64. Encalypta ciliata Outer surface of tooth of vestigial
. * peristome. Note lack of papillae marginally. Scale=40 um.
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ciliata—type peristome or those that lack a peristome and these are characterized by an /

P |
¢ | \

operculum that is more—or-less plane—convex and long— or short-rostrate. Two to three”
rows of cells at the base of the operculum are more—or—less dif ferentiated. In’ size,

shape and color, they are similar to the rim celis of the capsule. - , .

Annulus: Most species of Encalyptaceae do not have a differentiated annulus., but in
Bryobrittonia. E. sj;n_’_epjg_ca_ma ~and Eprocera there occurs a ‘well?developed,
more—or—less deciduous annulus {Fig. )that consists of two or three rows of cells. In v
surfece view, the cells are bright-red and glossy, but small and quadrate. However, in
lateral view they are considerably enlargeo inwardly, and the walls are hyaline and appear

inflated.

Spores There is consuderable varlatlon not only in. size, but also in the structure and -
sculpture of spores of Encalyptaceae, particularly between species, as the studies of Vitt
and Hamilton (1974) and Jéry-Komlédl and Orban (1875) illustratg. The spores are kS
unicellular and never germinate precociously; however, they do germmate read|ly m/onrp &5
nutrient—free medium or substrate. They range in size from seven to 80 microns and are
elther green orﬁnge or‘ ‘brown in general mtraspecufnc variation in spore size is 10 to 15
microns or less, 3vhlle lntrapopulatnonal varnatlon is very slight, perhaps one to three
mncrons Also, color of spores vaties interspecifically, not mtrﬁf;ally, n most
mﬁm@ces However, in m_m_og_a excephonal mtrapopulatlonal i‘ation 'in both size
and’ golor havi been recorded,‘ as W%ﬂﬁls other irregularities in spore structure (see
dlscussmn of Variation underﬁj_qngmﬂ It also appears that in some populatlons of £
streptocarpa there is exceptloaal varuatlon in size of spores The spores of most specres

of Encalyptaceae appear to be: ‘atw that is, without a distinct aperture but Erdtman
(1965) suggested that several %uch species might be katalept, a condmon Jthat he

descrlbed as ".provided with a thin, more or less. trema—like area-[= aperture] in- the

proximal face.”". One spec1es _E_ ciliata, ‘has a very dlstmct trilete aperture "8h thexmal

face (Fig: 69) and a few others are characterized by a more—or= less distinct trilete mark.

“In some species the spores are circular to elliptical and isopolar -with the structure and

scrulpturing of the exospore more-or—less uniform over the entire surface {Fig. 65).
N . . l , )

) | | | y | %

20



Figures 65-70. Spore Types in the Encalyptaceae. _
Fig; 65. Bryobrittonia longipes. lsopolar, minutely gemmate. Scale=4
am B | |
. Figs. 66-67. Engaj_yp_ta affinis. Paralsopolar gemmate Scale 10/4m

Fig. 66. Dlstal face.

.

Fig. 67 Proximal face.

Figs. 68 69 Engalm:a ciliata. Heteropolar. Scale 10,um
Fig. . 68. Distal face. Note central pit surrounded by rim and

*3' A radiating ridges.
M’ *‘m *

i Flg 69. Proximal. face. Note trlrgsdlate mark.
» i“ s lg @O Encalypta ﬁwana Distal face showing verrucate and

vermiform protuberances Scale=10 pm.
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Other species, in contrast, have heteropolar spores. These are circular in polar view, but
. more—or—less concave- or plane-convex in'lateral view, and both the structure and

sculpture are quite different on the proximal and|distal faces (Figs. 66-67). A third group

x.

a of species is characterized by paraisopolar sporgs that' exhibit some weak differentiation
in shape and, in some mstanées in structure and/or sculpturing of the two fS\es {Figs.
68-69). All species of Encalyptaceae have intectate spores, but several different

structural types occur including scabrate (Fig , gemmate (Figs. 66-67), verrucate and

» vermiform (Fig. 70). The size of these structures varies from one or two microns in
’ diameter to eight, and ir) one species the vermiculate processes age up to 40 microns in
length. In a number of species there are algo small to medium sized granules, possibly a
perine depositioh, in specific areas or r'a domly scattered over the surface. Sculpturing

N

types include rugulafe, striate and reticulate patterns. Erdtman (1965) described, in

palynologlcal terms, the spores of E. affinis, E alpina E. ciliata E. rhaptocarpa and E..

s_t_gp_tggazp_a, and fngured three of these (Erdtman 1957). In the context of a survey of

B
the different spore—types that occur in-the Musci, McCIymont (1954) descnbdd a‘ &1

»\u 4&!

,fngured the. spores of _ﬁ ciliata, ,& Q_QQ_Q_a and _g, map_tg_e_atp_a A dtscuss:on of the

evolutlonary sugnuflcance of the dlfferent spore types that occur in the Encalyptaceae ns‘; .

,u\

included in the seetlon on Phylogeny. : ;‘

Calyptra: The calyptra is an inconspicuous structure that does not remain aséociated with |
the plants for long in most groups ef mosses; Mowever, B~ the Encalyptaceae it is
- remarkably amplified in many instances and persists in association with-the j})orbphyte
long after the spores have been dispersed. All species of Enc‘:alyr;taceae are
characterized by a mitrate, cylindric—cémpandlate calyptra that is naked and non—plicate .
(Figs. 71-79). It extends at least to the base of the capsule, bet in r%gny the calyptra_is
' considerably lcnge} than the capsule. There are taxdnemi_cally | useful, interspecific
differences in a number of features of the calyptra, iﬁcluding shape, si%e and color. .
The calyptra can be ‘subdivided into three parfs, the rostrum, the cylinder and the
friege (Fig. 74), but the latter is not present in all taxe. The definition of the“. rostrum is an
important characterlstlc and ls-»m general a reliaple basis for distinguishing between

species. In some specnes the cyhnder is narrowly cylmdrlc and tapered distally to an

RN



Figures 71-79. Variafion in Structure of Calyptra. Scale=1 mm.

Fig.
Fig.
Fig.
Fig.
Fig.
. Fig.

Fig.-

Fig.
Fig.

71

72.
73.
74.
75.

. Encalypta streptocarpa
Encalvpta mutica
Encalypta brevicolla

76. Encalypta brevipes
77. Encalypta procera .
78. Encalypta intermedia

B
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.ill-defined rostrum (Figs. 71, 77). In others the cylinder is broader and the transition to
the rostrum is less gradual (Fig. 79).or even abrupt (Figs. 73-74) so that the rostrum is
very clearly differentiated from the cylinder. The base of the cylin::ler is entire in some
tax} {Fig. 78), but in most it is either lacerate (Fig. 71) or fringed (Figs. 72~-76). When the
. cylinder: is lacerate it consists of four or six broad segments that are an extension of the
cylinder. V_\éith age these sagments generally are broken off_lea\'/ir‘\g a more—or—iess
erose base (Fig. 77). In other Speciee, there is a more~or—less distinct constriction or
contraction at the base of the cylinder above narrower and mostly sherter fringe—like
segments (Figs. 72-73, 75-76). The ultimate development of the fringe oceurs When the
base of the cylinder is narrowly extended horizontally and the fringe hangs pendent from
this extension {Fig. 74). Even when the fringe segments are broken off as they generally
are in older calyptrae, the basal extension remains. In those species with a lacerate base,
the segments generw consist of several layers of cells in transverse section. In
contrast, the fringe, particularly in those species where it is well—developeci, consists of
a single layer of cells with markedly thickeneq walls. The calyptra is unornamented in
some species, but in many at |eas;c the rostrum is more—or—less papillose or scindulose
(Fig. 75). ,ﬁewer tex'a have the papillee and/or sciindulae on the cylinder as well and they
occur on the fringe in only one species. The cylinder is smooth in some species, butn

re—or—less puekered in others. There is also some intraspecific variation in this

teristic. .

The total length of the calyptra is subject to considerable inter specific variation. It
ns as much as ten m|II|m;tres (ans 71 77) in some species and as little as two in others
{Fig. 72). The rostrum is sumllarly varnable in length with some that are relatively long (two
millimetres) [Figs. 73-74Nand others that are considerably shorter {just less than one
millimetre} {Fig. 72, 7%,“78{ Length of the rostrum does not necessarily correlate with
length ofq the cylinder’ and the relative proportions of these are important in
dif ferentiating between some taxa. ’

Some speciee of Encalyptaceee are. characterized by a calypzra that‘ i\s dark
. golden brown and opaque so that the capsule is.not visible through it At the opposite

extreme are those species with the calyptra pale golden and transluscent so that éven

some structural details of the capsule are apparent. These mterspecufnp»duffsences in the
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color of the calyptra can be loosely correlated wntﬁ the n&nb\gr of layers of thick-walled

celis that comprise the cylinder. In transverse sectagn the oyllndgr I%composed of from
two to five layers of very thick— walled cells with smal! Iurhipa to ;th;;*outsnde and one or
two inner layers wuth enlarged lumina and thin walls. ‘The latter are generally partially
collapsed. * | ‘

On the basis of an analysis of the different’ calyptra—types that occur in the
Musci, Janzen (1817) considered the structure of the encalyptaceous calyptra most
similar to that of Timmia and Atrichum (as Catharinaea)-Qligotrichum—Polytrichum As
noted in t‘he discussion of earlier treatments of the Encalyptaceas, >Fleischer (1904)
suggested that the calyptra of species of Encalypta is such a unique feature that it

warrants separating these species in classifications. The evolutionary significance of the

calyptra is dealt with in the section on Phylogeny. -

Cytology' Chromosome numbers of n=12, 13, 14, 26, 27, 39 and‘ 52 have been
reported in the Encalyptaceae (Table 3). Among these numbers, n=13 is the- most
prevalent and n=26 is of frequent occurrence. Bughtmgma longipes and £, wjgaus are‘
the only species presently known with more thanﬁo_ne chromosome number. Bryobrittonia
longipes .is also the only species reported with r:1='52 las well as n=13, 26). Recently,
Smith (1978) has suggested ‘that the base number in the 'Haplolepideae is probably x=7
Théreforé,«on the basis of the presently available data, the ;@ecies of Encalyptaceae aré
probably polyploid derivatives. ’

Most species of Encalyptaceae produce spear—stage sporophytes in the fall that ‘
expand the following spring. Limpricht (1890) reported species of Encalypta to‘ have ripe
spores betwee;n April and‘ Septémber, with some differences bgtween individual species.
in the cohrse of my field studies, | Have also observed specifié differences in the
: ripening of sporophytes. For example’,‘\sporophytes of E. rhaptocarpa generally undergo
me105|s earher than those of_E_ procera however, such differences are probab modified,
to some extent, by varnatlgn in latitude and/or altitude as well as microhabitat differences.
Anderson and Crum (1958), and others have described the general appearance of
capsules when they are about to undergo meiosis. In the genus Encalypta, pr:eliminary

observations indicate that there are ~species-spe¢ific differences in the appearance of -
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Table 3. CHROMOSOME ‘NUMBERS ‘REPORTED IN THE ENCALYPTACEAE

‘Species " Chromosofne Number n=
Bryobrittonia lQngm.ﬁs 52 - (Lazarenko 1967
las B pellucidal 13, 26 (inoue. 1974)
Encalypta affinis 13 (Anderson & Crum 1958)
13 Fig. 154)
E. alpina 4 (Steere 1954)
£ ciliata " (Anderson & Crum 1958)
{Smith & Newton 1968) T
E. longicolla (Horton 1979a)
£ mutica (Horton 1979a)
£ procera ' ﬁ'v 27 (S‘teere 1954)
E rhaptocarpa 26 (Steere 1954)
£ wulgaris 26 (Visotskaya 1967)
26 (Smith & Newton 1968) !
39 Lazarenko gt al. 19681
var. mutica 13 (Steere gt al 1954)

14 (Khanna 1967)
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the capsules; however, | have found in most specnos that the spora mother cells have -
undergone meiosis once there is any suggestion of red color at the mouth of the capsule.
Also in those species with a peristome, the latter is waell— developed at the time Xf
meiosis. '
| iIn most species of Encalypta the spore mother cells‘ are reported to be
approxumately 50 microns in diameter (Anderson & Crum 1958 Horton 1979a, Smith &
Newton 1968, Steere 1954, Steere gt 31, 1954). However, those of E ]_Qngu;qua are
approximately 90 to 100 mncrons {Horton 1979a), wh»le those of E. affinis have been
reported to be approx:rnately 25 microns (Anderson & Crum 1958), although I have
found them to be as large as 39 microns. Anderson and Crum (1958) suggested that
perhaps the size of the spore mother cells of E affinis Sore some correlation with the
actual ;pére size. Spores of E, affinis are ralativel& small {20 to 28 microns) compared to
other speéiés of Engamg_m, and those of E_longicolia are the Ian:QeSt in the genus (55 to
750microns). 'Thefe%ore, it appears that there may be a general correlation between spore

mother cell and spore size.

ENCALYPTACEAE Schimper, : .
Coroll. Bryol. Eur. 38. 1855 (1856). - :

ol

Plants perennial, : acrocarpous with terminal ércﬁe\gonia, and subtel:minal _
innovations, to 50 mm tall, green to olive—green-above, sdme with y.ellow,‘ brown, black
or glaucous ové%tonés, brown to 'b.iatk: below, * branched or {in ELbe.Eannﬁ)
unbranched. Stem in transverse section with epiderhal cells in 1-3 rows,ﬁl|umina srﬁall,.
walls + thickened, orange to dark-orange, ;:orﬁcal cells parencHymatous, somewhat
irregular m size, wa|is thin with slight corner thickenings, yello:v‘to orange, Oik-’orénge
in few, central strand undifferentiated or indistinct in most, when present cells small to '
minute, walls very thin with corners very slightly thickened ‘h'yaline to ’yellow orange m
few. Brood hodies absent in most, when present in * dense clusters among leaves
fllg'nentous up to 3 mm Iong upper part profusely branched " filaments dtscrete
darR-brown, lower part, with up to 10 or 12 filaments jomed Iaterally A&lll.! m

sparse or (ln few taxa) abundant. filamentous. up 0 2- -mm Iong, )omad laterally at b‘se

o
©
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.overed by gelatinous 5uhstance Leaves when dry sheathe slightly below, _erect ‘to
erect—spread above with aplces + incurved, irregularly to (|n fewl regularly twisted
/lamlnae inflexed to conduplicate or (in few) plane m\\/olute or slightly reflexed, +undulate
_\m some; when moist erect-spread to reflexed, laminae )lnflexed to plane; 1.0-8.0 mm.
iong, 0.2-2.0 mm wide, oblong to liguiate, lingulate, obovate-oblong, eliiptic-oblong,
ovate—oblong or ovater-lanceolate, apex * abruptly or quickly narrowed to (in f'ew)
gradually narrowed, and muticous,-mucronate, apictlate or hair—pointed; margins plane to
recurved, entire or (in Bryobrittonial crenulate in the upper _half. Qg_ﬂa'strong, ends well
below ‘apex to excurrent, abaxial surface * prominently to (in few) .inconspicuously ’
keeled, shiny and smooth to * dull and papillose, green, yellow, dark—brown of dark-red,
adaxial surface .smooth in lower third, papillose or (in B_cy_Qb:_inmia) smooth with
: lamlnal type cells above in transverse sectlon adaxval epidermal cells sllghtly smaller than
laminal cells, 1-3 rows of ventral cells lumlna moderately large to large, walls strongly
thickened, beglelters undlfferentlated or (in. few) well-developed in.small central cluster
below guidé cells, lumina minute to small, walls thin, 2-8 rows of abaxial stereids, lumina
small, walls strongly thickened, abaxial epic{erﬂmal cells undifferentiated or 1~2 rows with
luminaISIlghtIy enlarged, walls strongly thjckened. Upper laminal cells chloro'phyllose +
ISOdlametl’lC to subquadrate or short-obiong, slightly angular with rounded corners,
-7 18(25) Hm wnde 7 23(32) Mm long, walls paplllose w1th 2 8 papillae over lumina,
papillae = “c” shaped in most, with very short, blunt branches, or fin mpm@)
smooth, in transverse section walls thickened, bulge * prominently on both surfaces,
papillae consist of short, digitate clhsters of basally hollow wall outgrowths;’upp_e;l
mamm_al cells in 1 row, lumina ovate walls strongly thickened margmally otherwise as
laminal cells, or (ln me_mgg_a in l row distally from near middle of leaf, lumlna +
rhomboidal with upper corner free margmally walls * plane bulge slightly’in free corner,
in 1-2 rows: basnpetally, lumina narrowly oblong, walls plane;  transitional g_ells +
chlorophyllose, quadrate to oblong, walls thickened or {in fevv) slighftly thickened or thin,
on.adaxial surface smooth well above basal cells or papillae extend alrnost to basal cefls,

7

papiliae + as on upper cells, on abaxial surface smooth well above basal cells or papillae

" n

extend to basal cells, papillae -+ as on upper cells or enlarged, some shaped

much—branched, branches longer than on upper cells, paplllae extend farther béSIpetaIly

¢

>
-
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. on aoaxial than on adaxial surface, or (in BryobFittonia) smooth, in transverse section walls
+ thickened to (in Bryobrittonia) thin, bulgo ‘i’.prominently as upper laminal cells to plane
basipetally; basal laminal cells oblong to-slightly irregularly oblong, {14135~ 120(140) s
lorlg, (7)12-23(30) um wide, * disf(i‘ctly differehtiated with trahsverse walls strongly
thickened at corners, oran‘g'e‘to dark\—'\oliahge, yellow in few, entire or per._foratéd by 1
large pore, superficial »walls thin, hyaline to orange,' sl’nooth or (in 1 taxon) papillose
abaxially, entire or irregularly perforated or (in Bryobrittonia) less distirlctly differentiated

with walls hyalme to pale orange or brown transverse walls thin to (when older) siightly
thickened, entlre or lrregularly perforated, longltudnnal walls thin, entire, superfncnal walls
thin, smooth, entire; b_asa_ marginal cells + unduffarentlated to t distinctly differentiated,
grade into laminal cells, cells faintly chlorophyllose, in 2-20 rows, narrowly long- to
short—oblong, (2)5-7(9) m wide, walls smooth, longitudinal walls slightly thickened,
transverse - walls thin, perpendlcular or slaghtly obllque to margm in outer row, upper
- corner free margmally in some. Gomautoncous perigonia bud—iike, short-stalked and
lateral, closely associated with or just below perlchaetna attached to stem or base of
costa or (2 specnesl dioicous. _Q_LQD,&QI._L&_ leaves + undlfferentlated to * dlfferentlated by
£ broad sheath‘—-hke base, basal lammal cells less dlstmctly dlfferentlated in some,

otherwnse ‘as vegetative leaves p_guggma, leaves distinctly dufferentlated broad and

sheath—like, 0.8—1.2(1.5) mm Iong or (in B_ygb__tgo_n_a) little differentiated to * broad and :

sheath— like, 1,6-3.0 mm long perigonial paraphyses wuth cells uniform in size or (in
B_mb_ug_ma) upper 4-5 cells abruptly enlarged, upper cells entire or. divided
longitudinally in som'e, walls slightly thickened, smooth or with 1—3 low, rounded papillae
~on apical cells. . ‘

Seta 2-38 mm long, erect to ?l!axuose _smooth, slightly twisted smlstrosely
below or (in few) untwisted below, * twisted extrorsely near capsule, * shiny to dull,

‘ : . . N
orange to yellow, red or blackish; in transvers»

section rounded, 135-250 um in

diameter, central strand dlstmct cells minute, parenchymatous walls thin, centrifugally

cells + enlarged, walls thlckened outer cells smaller, walls strongly thickened. Capsule

-1.0-4.3 mm long, erect, when dry cylindric to narrowly cylindric, and (in most) *
_constricted beneath rim, neck indistinct or {in 2 species) + well—differentiated, smooth,
delicately striate or % furrowed, furrows longbitudinal or spikal, pale—brown, goldenh,

N
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yellow‘, orange or darl§¥-red, some with red ribs;’ rim red or (in few) undifferentiated;
when moist constriction beneath rim indistinct or absent; when old * collapsed and, split,
+ furrowed in many, dull-orange to‘grey—brown; exothecial cells in + regular, “Iongitudinal
or (in few) slightly spiral rows, % irregular and short-— to long—bblong 40-200 pm long;

12 35 um wide, shorter near capsule base and rim, in transverse section superfucual and

adjacent radial walls thln to strongly thickened; rim cells + differentiated in 1 -6 rows, |

quadrate subquadrate or short—oblong, 5~30 ym long, 2.0~30 um wide, walls thin to *

: thlckened sjgmaja super figial to (m 2 species) superfncnal or imdistinctly immersed, sparse

to + numerous, restricted to capsule base or * scattered, 30-70 um long, 28-55 um
wide, subsidiary cells undiff‘erentiated. Peristome absent in some, when present consists

of either (a) 2_concqnfric layers, exostome teeth and endostome segments + unfused, 16,

“opposite, to 1.2 mm long, exostome * erect to (in 1 taxon) strongly recurved above, low

basal membrane present or absent, teeth filiform, orange, * smooth to * papillose,

L

papillae irregularly: granular, outer surface with 2 vertical rows of cell plates, inner .

surface with prominent trabeculae, endostome erect, basal membrane well-developed,

ca. 1/3 height of se'gments pleated with revolute flanges on outer surface -between
segments, fenestrate or entlr% segments filiform..above, pale- orange finely scabrous,
outer surface with 1 vertical row of celi plates, inner surface with 2 vertlcal rows of cell

plates at base of membrane; (b) 2 concentric layers, exostome teeth and eqdostome

eégments aimost completely fused,16; to- 0.6 mm long, erect,, sllg;l{glzx incurved or slightly

reflexed, lanceolate—linear to linear—lanceolate, white, pink or crimson-red, exostome

outer surface with 2 vertical rows of cell plates, densely papillose, papillae irregularly

granular or (exceptlonally) smooth, inner surface with trabeculae fused to endostome
endostome segments * joined laterally at base by very low membrane that extends to or
only shghtly above capsule rim, inner surface with 2 vert:cal rows of cell plates basally,

densely paplllose papillae |rregularly granular or lexceptlonally) smooth; or (c) 1 layer

few) hyalinte, outer surface * densely papillose, papillae irregularly granular, to (in few)
sparsely scabrous or ifregular, with 1 row of cell plates, inner surface smooth, with 2
rows of cell plates at base of tooth, preperistome absent or (in few) present and

consists of 2 rows of cell plates. Qperculum conic-rostrate, convex-rostrate or

_of" 16 teeth, to 0.3 mm long, erect to reflexed or inflexed, lanceolate, dark— orange to (in -~



concave—plane rostrate, 0.1-2.5 mm Iong,’1—-2 lowest rows of. cells differentiated * as
capsule rim cells. Annulus undifferentiated in most, when present prominent, gldssy and
crimson-red, massive, deciduous in Iarge fragments, 3 rows of cells, outer walls
thickened, -opaqu'e,. inner walls thin, traﬁsluscent, when wet cells inflated radially and

periclinally. Spores olive-green, orange or dark—brown, atreme or possibly katalept, few

with distinct trilete aperture, spherical to elliptical and isopolar, or sircular in polar view -

but + concave- or plane—convex in lateral view and paraisopolar to heteropolar, 7-80 u
m, exospore structure inteétate and scabrate, verrucgte, gemmate or vermiculate,
processes 0.25-8 ym in diameter, up to 40 um long, exospore scyipture rugulate, striate
or reticulate in‘ some. Calvptira long—mitrate, rostrate, extends well below capsule or (in
few) to capsule base, 2-10 mm long with rostrum 6.5—2.3 mm long, cylindric to
elliptic-cylindric, smooth to scindulose or papillose, smoky-brown, goIden—brown:
golden or pale golden, ‘'opaque to * transparent, shiny to dull; in transvei‘se saction of
cylinder 3-5 rows of cells with small lumina, walls very thick, 1-2 innermosf rows with
enlarged Iuminé, walls thinner.and mostly + collapsed. Chromosome number n=13 or 26
in most, fewer withn=12, 14, 27, 39 or (in Bryobrittonia) 52.

CONSPECTUS OF GENERA OF ENCALYPTACEAE

1. Upper laminal cell walls smooth; leaf margins crenulate in upper half; upper marginal
cells in, 1 row distally from’ near middie of. leaf, rhomboidal with upper corner free
marginally, in 1-2 rows basipetaily, narrowly oblong; basal laminal celis lwith
transverse'wélls thin ;_o}' slightly, evenIyT thickened, |qngitudinal walis thin or slightly
ex)enly thickened; perigéniai paraphyses with upper 4-5 cells abruptly enlarged
............... ... .. .......... . Bryobrittonia (p.).

1. Uppe( laminal cell walls papillose with digitate clusters of walls outgrowths over
lumina; leaf margins entire in upper half; upper marginal cells in 1 row, lumina ovate to
subquadrate, walls strongly thickened marginally; basal Iaminél celis with transverse

walls * strongly thickened, particularly at corners, longitudinal walls thin; perigonial

paraphyses with cells uniforminsize .. .................... Encalypta (p. ).
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The Encalyptaceae have generally been considered a monotypié family. There are
a few exceptions, for example Limpricht (1890) included Merceya and Moller (1961)
included S_:r_eg_tggamnm but these genera lack the distinctive, encalyptaceous calyptra:
When Steere found the first population of Bryobrittonia with sporo,phytens in 1952, the
shape of the calyptra left no doubt as to the affinities of the genus (Steere 1953),"which
had formerly been placed in the Pottiaceae (Brotherus 1924, Grout 1939). Furthermore,
-Steere (1953) reporte;j that "There exists no single important character or group of
éharacters in tt'g_e sporophy;te of Embnﬁgma that can be used to distinguish it from the
diplolepidous species of Encalypta:..”. Indeed, in features ‘of the capsule, peristome, seta;’
and spores, in addition to the calyptra, Bryobritionia is more similar to both £,
streptocarpa and E. procera than they are to some other spedies of Encalypta Such
pronounce.d similarity .in characters that are generally a reliable basis for the -delimitation
of mbss genera _brings into question the validity of %ecognizing B[yghm‘x_oﬂakas a genus
distinct from Engal,yp_ta - . ' .
| | wduld agree with Steere (1947) that whenever possible generic. cancepts in the -
Musci should be based upon a combinétion of both sporophytic and 'gametophytic
features. However, the remarkable variation in structure of the sporbbhyte, particufa‘rfil
the peristome, in species of Encalypta precludes définition of the genus on this basis. The,
characteristics that Iink. species of Encalypta are all gametophytic, the most prominent of
these being the entire leaf marg}ns, papillose uppe.r ieaf cells with thickened fransverse
walls, as well as the basic shape of the calyptra. Oﬁ 't.he basis of thése g%mgtophytic .
character—states élone, spe.c'ies of Encalypta form ‘a natural group. While Bryobrittdhia is
charaéterized by the same calyptra—type and there is a fundamental structural similarity
between the upper laminal cells of sp('aciesl of Encalypta and those of B_r_y_QbLm.a
(Horton 1979a), Bryobrittonia is well differentiated by the crenulate upper ieaf margins,
smooth‘upper leaf cells and bésal cells with the transverse walls thin or only slightly
thickened as are the Iongitud'inal walls.

Horton (1979a) r.eporfed an .aberrant population of E. §_pgjhgla_ta with
more—or—less smooth upper Iéaf cells and suggested that this indicates “..a potential
within the genus Encalypta for the differentiation of leaves with smooth, bulgin'g upper
leaf cells,.” like those of Bryobrittonia This might bé-regarded as evidence that the

~-



differences between B_ughﬁm;zma and specces of Encalypta are not sufficiently stable to
warrant recognmon of BL)LQbﬂIlQ.ma as a separate genus. However this is the only
population of an Encalypta species that | have seen with this condition and therefore
probably should not be accorded undu,e“slignificance. Bryobrittonia is so divergent from
- all ‘species of"En;aJm in the 'gametophytic character-statgs described above, as well as
‘otr.\ers; vand these differences are stable under natural conditions (with the single
' exception cited above) that 'ther‘e can be no doubt that the two ought to be regarde'd'as
separate genera, as .Steere (1953) concluded. Clearly, the calyptra is the defining feature

of the family Encalyptaceae.

BRYOBRITTONIA Williams
Bull. New York Bot Gard. 2: 115, pl. 16, figs. 1-8. 1801.

4
v

The genus Bryobrittonia is monotypic; therefore, it is treated together with the

species, B. longipes.

“

~ -

BRYOBRITTONIA LONGIPES (M|tten) Horton,
Brlttoma 30: 19, pl. 5 flgs 1 4 1978
Figs. 1, 15, 18-19, 21, 23, 33, 55¢57, 65,/80-94.

Basionym: Encalypta longipes Mitt., J. Proe. Linn. Soc., Bot 8: 29. 1864. Type: "In a shaded |

| place by the side of a rivulet, Rocky Mountains, Drummond.” (Lectotype: "Nr.43%
Encalypte ‘streptocarp'a [?ar. side of a rivulet Rocky -Mountains stem short erm stalks
long .in proportibn growing in a shady place Drummohd.” NY-Mitt!, Isotype: NY‘—Mitt.!;'
P055|ble lsotype E (|n part)).

B_mb_mgma QQ_\LLQ];’_@ Williams, Bull. New York Bot ‘Gard. 2. 115. 190I Type: "Yukon R;ver
biluff, just below.Dawson. Collected April 6, 1899, on rock (587)" (Holotype: "587.
Bryobritfonia pe!lucida R. S. Williams April 8, 1899. On rock. Dawson.” NY!). - -
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No\nenclatural Notes: (1) The discovery that the type of E_ longipas is actually ‘a
specimean of Bryobrittonia. which was described by Williams in 1901, was reported by
Horton (1978) and the new combination B, longipes was made. Horton also discossed the
taxonomic confusion generated by Mitten's {1864) erroneous description of the upper
leaf cells of his E. longipes as papillose, and the fact that a number of people, including E.
G. Britton, considered Drummond's Musci Americanae Number 48 to be a specimen of £
longipes. In reality, Number 48 isigmj_am; therefore, £ longipes was dismi;sed as a
synonyn'i of, E. procera Britton jn Coker 1‘918; Lesquereux & James 1884, Macoun &
Kindberg 1892).

However, an isotype of E. longipes from Sullivant's herbarium (NY)) that \had not
seen when | published ‘the information summarized above (Horton 1978] ‘is of
considerable historical interest as it establishes beyond doubt that Britton did. see
authentic material of E. longipes and furthermore that she recognized some of the
essential features that différentiate Bryobrittonia from all species of EncalyptalOn the
outer packet of this épecimen in Sullivant's herbarium is the notation "Type from Mitten's
set in Hb Sullivant Jany. 1891." and the inner packet bearé the title "Reyision of NA
- Mosses, by E G Brltton" The inside of this packet has a tracmg of Mitten's original
|Ilustrat|ons and along either s'de are notes on the plants (which are contained in a mica:
slide and tissue paper) written by E G Britton. The critical fegtures‘ that distinguishf the
genus Bryobrittonia from En_q_a_up_ta are noted, including the minutely erose upper leaf
margins, "Cells not papillose but'momillaté!“ {(an obvious reference to Mitten's origi‘nal
description of the upper laminal ceils as papillose) and the strikingly long seta ("2 1/2 cm!~
a little less than '1.5 inches”). Other observations included notations that the abaxial

surfaoe of the costa is smooth, the calyptra |s smooth thf\ﬂwa_out and | think | can see
traces of ridges on wallis of young capsule!”. ’

Britton (1895) discussed the taxonomlc status of _E__Q__guze_s In a short paper in
. the series Contrlbutlons to American Bryology”. The original Latin description of E
longipes was cited, as'was a portion of Mitten's English‘di‘scusksion of his new species
that read "Seta an inch and a half long, slightly flexuoso. Capsule too immature to show if

it is furrowed.”. She then quoted Lesquereux and James' (1884) discussion‘ of_E._!Q_ugip_e_s

with their assertion that they had examined all specimens of E._longipes in Drummond's

-
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sets (a reference to his Musgi Americanae exsiccata)' and conclusion that E, longipes is
synonymous with E.procera. in contrast, Britton stated that she had examined the type of
E. longipes in Mitten’s herbarium at Cambrndge {(no mention was made of the specimen
from Sullivant's herbarium with her notations on it — possibly a "kleptotype™?) and that
"We can corroborate Mitten's stateménts, with" additional evidence that this is not the
same species as E._procera’. A discussion of the features noted above follows, with the
correction of Mitten's ;nisinterpretation of the upper leaf cell structure, but she~foIIoWed
his analysis of the peristome and reported it to be single. The relevance of the
references to smooth costa and calyptra becomes’obvious in the light of a comparison
with £ procera, which is characterized by a papillose costa and a more-ér’—less_scabrous
calyptra Britton also pointed out that in spite of Kindberg's (Macoun & Kindbérg 1892)
cqntentnon that he had examined authentic specimens of £ ]Qng_lggﬁ in C.. Muller's

I TR
o “"f rgarium, he in fact cou_g not have, as hIS description of the costa and calyptra were a

ey B
R

“diract contradiction« seen.

Therefore, it ;éém; ver& likely that the confusion of _bdth Kindberg, and
Lesquereux and James arose as a resuft of Drummond's M_u_S_Ql Americanae No. 48. in’
view of her statement that _E_]_Q_nglp_e_s is distinct from E_procera, it is confusing that in
Coker's revision of Engalypta in North America Britton (Coker noted in the int}oduction
that the synonymy was‘primarily Britton's work) pléced_E_Lo_ngip_gs in synonymy with £,
procera However, the basis for this apparent change "o.f opinion may be inferred from
one of Brittgh's concluding statements in the earlier ;;aper {Britton 1895): "We do not like

_to venydfe an opinion without” careful comparisons, especially as this species is sO

represented in the typs, which is also immature, so that it is rather

unsatisfactory for purposes of comparison..”. It is a pity tfht E G Britton never

" (2) When | published the new combination of B. longipes in 1978 {Horton 1978, |-
“awas .unaware t‘hat there is more than one original specimen of B. longipes in Mitten's
herbariQm. Therefore, | indicated’ thét the type specimen is a holotype_ (Horton 1978}
Since then the duplicate specimen has come to my attention. As it is almost certain that
the original description was based upon both of these specimens, the specimen

previously cited as the holotype is here designated the lectotype.
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(3) There is a specimen in E with the label information "Encalypta procera Br &
Sch. Rocky Mts. I\ America G J. Lyon 1846". All of the plants, except one, consist of £
procera with sporophytes and this one is a plant of B, longipas with & sporophyte. | am
unaware of the existence of any specimens of Bryobrittonia that were coliscted prior to
the end of the 19th century besides that collected by Drummond (that is, the type of £
longipes). Therefore, | suspect that this one plant probably was a part of that original

collection.

Diagnosis and Differentiation: Brygbrittonia longipes is characterized by bright-green,
dull plants with incu‘rved leaves that have a promineﬁt, shiny costa and involute margins. In
the field a distinctive golden sheen can be seen on the leaves with a hand lens when the
plants are moved so that tﬁey catch the sunlight. The leaves are mostly elliptic-oblong or
ovate—oblong with an acute apex, the margins are finely crenulate in the upper half (a
feature readily apparent only with the compound microscope) and” the smooth upper
laminal cell walls bulge prominently on both surfaces. Generally, populations of B.
longipes lack sporophytes, but when they dol occur the exceptionally long, flexuose and
black or reddish—black seta is an unmistakable characteristic. Also, the smoky-brown
color of the calyptra is distinctive and the cylinder is tapered distally so that the rostrum
is not distinctly defined. Other important featurés of the sporophyte inciude the capsule
with IonSitudinal furrows, the long peristome co;\sisting of two almost unfused layers
with the dark—orange exostome teeth opposite the paler endostome segments that are
joined by a well-developed basal membrane, the massive annulus that is glossy
crimson-red, and the long—conic rostrum that is nearly the same length as the capsule.
The olive—green spores are small, isopolar and finely scabrous or scabrous-ruguiate. In
some gopulations,.the rugulae form a distinctive 'fingerprint’ pattern, but this detail is
discernible only with the SEM.

Plants of EryQ;brithnia with sporophytes are seldom found Therefore,
differentiation from species of Encalypta must generally be made on the basis of the
vegetative plénts. A characteristic of Bryobrittonia that | have observed but rarely in a
few species of Encalypta is that the leaf laminae are inrolled when dry so that the

margins are not visible. The most distinct differences between Bryobrittonia and species



Figures 80-85. Bryobrittonia longipes. Scale=1 mm
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Figures $6-91. Bryobrittonia Jongipes.
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of Encalypta are microscopic Up"per Ieaf cell structure is so different from that of all
Encalypita specnes that Bryobrittonia is- not llkely to be confused with these. The leaf

margins ofoall Encalypta specnes are entire, and the upper Iammal cell walls not only bulge'

as they do in Bf_y_Qb_[]ana, butt they are also further elaborated by dlgltate clusters of”

nn

wall outgrowths that form the more=—or-= less "c

#

~of Encalypta a smgle row of upper marginal cells is differentiated. The lumina of these

—shaped papillae. Furthermore, in speciés

are ovate to subquadrate in shape, while in Bryobrittonia in the upper half of the Ieaf
there is one row of more—or-less rhomboldal cells with the upper corner free marginally
in the upper half of the leaf. Proximally, there are one to two rows of narrowly oblong
cells that torm a' narrow, shiny border visable with a stereoscope. These cells grade into
the basal margmal cells ' '
When sprophytes occur, plants of B__\Lghungma are most apt to be confused w:th
E._stggp_tp_c_ama or E. procera The calyptra rostrum of £ _streptocarpa is ill-defined as is
that of Bugbungma and ooloration of the calyptra is very similar in these two speeies.
‘ The cylinder of the nc'alyptra' tends to be . longer and narrovver in E streptocarpa
otherwise, these two species are very difficult to differentiate on the basis of calyptra
character—states. The capsules of _E,_s_tc_eptggalpa are spirally furrowed, and the seta is
‘shorter than th'at of Bryobrittonia. The rostrum of the calyptra of _E_Q_LQ_Q_QL& is, in most

E _populatnons sllghtly but distinctly narrowed from the cylinder, and the calyptra is golden’

in color. The North American populatlons of E. procera are. dlfferentlated by spirally

furrowed capsules, but capsules with Iongltudmal furrows characterize some of the

Scandmavuan populations and these mlght be confused with &y_gb_l_ttgma As with E. -

,SI[.QQ&QGM the seta of E. procera is generally shorter than that of Mbnngma Both £
ﬂ_gplg_ga_p_a and E. p__Qc%a are best _dlfferentlated by the vegetative characteristics
‘noted above. As well, the upper leaves of sporophytic plants of E procera are
hair— pomgd ' |

. Sterile populatlons of Bryobrittonia are more Ilkely to be confused with such
other mosses as Barbula Q_Q_[])Lo_ma Hedw. and I_[mm@ ngle_gj_c_a Zett or T. sibirica Lindb.
et H Arnell that occur along rivers or streams, as is characteristic of Bryobrittonia. Plants
.of &aghula‘g_gn_\&mta'superficially res‘emble thosé of Bryobrittonia in the bright—Qreen

coloration; however, in the Ba;hula there is always a distinct bright-yellow tone that does
2
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not occur ‘in° BryQbrittonia Also, plants of B. Q_Qnmja are smaller than those of

QLy_Qb_uana but they are best dlfferentlated by the f‘evolute leaf- margms that are visible

with a hand lens. Steere (1953) first drew attentlon to the ” very decuded resemblance
between BQLQb_lngma and species of Ijm[ma " .especially to juvemle forms of T.
n_o___e_g,LQa" The habit of plants of T ngr_y_e_gj_ga and T. sibirica is so similar to that of
Br_\LQhLIIIQD.La that these spemes are, on occasnon virtually mdnstnngu:shable in the field
and difficult to dsfferentnate even wuth a dlssectmg mlcroscope Both species of me_a
are characterlzed by bright- green unbranched plants. When moist and fresh the upper
surface of the laminae has the same golden sheen so “characteristic- of Emgbr_mgma
"~ When dry the spreading leaves are more-or—iess incurved and twisted in the upper part,
. “and the costa is prominent and more—or—less shiny. Timmija ngr__e_g&a is perhaps most
confusing bZ?,ause the laminae are inVqute just as in Eugbgmma, vbut the abaxial surface
is smooth ereas the bqléing cells’ of‘Ethqn_o_rna are visible with a stereoscope. The
papillose laminal cells_:ef I §_|b_|r_|_c_a give it'a. velvety appearance similar to that of
Eugb_nﬁg_nm, but th.e". laminae are incurved, not involute, revealing irregularly’ serrate
margins and a narrew shiny border that extends right to the tip of the leaf. Ano,the'r
feature that dlfferentlates both these species from ar_ygb_m;z_r)_a is the long, sheathmg
leaf bases that result in more distant spacing of the leaves along the stem and more
elongate habit’ of the plants. The leaves of Bryobrittonia, which lack such pronounced

sheathing'/bases, are more crowded and the plants therefore appear denser.

Deseription: Plants to 25 mm tall, bright—; gofden— or olive—green to blackened above,
dark—brown to blackened below; unbranched. Stem in transversé section with central
) strand distinct. Brood bodies absent Axillary hairs abundant, in rows of up to 12
filaments Jomed laterally below covered by gelatmous substance up to 2 mm long,
hyaline, thin—walled, unbranched attached to leaf bases and stem L_Qw when dry with
apices incurved to loosely spread, + twisted, laminae involute to inflexed, slightly
reflexed in a few populations, * undulate; when moist erect—spread, laminae inflexed to
plane; (1.6)3.0~6.5(8.0) mm long, 1.0-2.0 mm wide, elliptic-oblong or obovate—oblong to
ovate—oblong, apex * acute to obtuse, muticous, blackened in many populations; ma_r_gms

‘plane, crenulate in the upper half. Costa ends 2-5 cells below apex, abaxial surface

¢
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prominently keeled, shiny"and smooth, transluscent—green ‘adaxial surface with smooth

- laminal- type cells above in transverse section 3—4 rows of ventral cells, begleiters

- distinctly dlfferentlated in small central cluster, lumina minute, walls thln 2-3 rows of
abaxial stereids, 1-2 rows of abaxial epidermal cells with lumina slightly enlarged, walls
‘ strongly thickened. Upper laminal cells (9)14-23(25) um wide, (9)12—23(32),wn long, lNall's
smooth; in transverse section walls buige prominently and roundly on adaxial surface,
bulge less with slight but + distinct contraction in-upper part on abaxial surface; upper
mar_gma_ cells in 1 row distally from near middle of leaf, lumina rhomboidal with upper
corner free marginally, walls + plane, bulge slightly . in free corner, in 1-2 rows
| basipetally, lumina narrowly oblong, walls plane; transition to basal cells gradual, cell walls

thin to sllghtly thickened, smooth; _Lansj_t_o_na_ g;_el_ls with walls smooth, in transverse

section walls thin to somewhat thickened, bulge * prominently as upper laminal cells to’ '

plane basipetally; basal jaminal gells 35—140 um % 14-30 um wide, walls thin or

; J

transverse and longltudlnal walls slightly thickened older leaves " smooth, hyaline to
pale—orange in most populations, brownlsh in older Ieaves and then form .z -distinct
group extend diagonally from costa to marglns transverse walls entire or lrregularly
perforated, Iongitudinal walls entire, superfncnal walls entire; basal marginal cells *

undlfferentlated in color narrower than basal Iaminal cells, in 4-7 rows. Dioicous,

perigonial plants rare. E_Q_gha_ena_ lg_a_es ||ttle dlfferentlated from vegetative, somewhat .

, smaller in most populations, elliptic—oblong to elliptic—ligulate; perigonial leaves
(1.7)2.043.0 ’mm long. undifferetiated to * broadly ovate to opovate, acute; margins
entire but slightly irreguiar; perigonial paraphyses with upper 4—5 cells abruptly eniarged,
entire or divided longltudlnally in some, walls sllghtly thickened, smooth

Seta (12)20~30(38) mm long, flexuose, stout below, tapered distally, smooth and
rounded, laxly twisted sinistrorsely below, * twisted dextrorsely near capsule, dull,
blacklsh to reddlsh black, and {in most) pale yellow near capsule; in transverse section
230-250 ym below. Qap_su_e l 5)2.0-3.0 mm long, yyhen dry cylindric, broadest basally

and slightly tapered to mouth to cyllndrlc + deeply longitudinally furrowed slightly

constricted beneath rim, * puckered basally and abruptly contracted to seta, dull- golden ‘

or green with dull—orange rim, dark—reddish basally, when old * collapsed or * infiated,

" some + curved; exothecial cells 41-104 ym long, 9-21 ym wide, in longitudinal rows, in
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transverse section superficial and adjacent radial walls somewhat thickened, 6 um thick
on superficial walls; rim gells in 1-2 irregular rows, irregularly quadrate, 12-14,ym wnde
12-14 um long, walls strongly thickened, opaque; stomata superfucnal to indistinctly
.immersed, 12-15, restricted to capsule base, 35-37 um long, 32-55 ,urr; wide.
Peristome 0.8-1.2 rﬁm long, when old = broken off, in 2 concentric layers, exostome
teeth and endostome segments unfused 16, opposite, exostome erect, longer than
endostome low basal membrane present, teeth filiform, dark— orange below, paler
dlstally smooth to densely irregularly papillose, outer surface with 2 vertlcal rows of
cell plates, mner surface wrth promlnent trabeculae; endostome erect, basal membrane
weli— deveioped 1/3 height of segments, pleated with revolute flanges on outer surface
between segments, fenestrate or entire, segments filiform above, pale—orange, fmely‘

papillose, outer surface with 1 vertical row of cell plates, inner surface with 2 vertical

rows of cell plates at base of membrane; preperistome absent. Qperculum
conic-rostrate, 1.9-2.5 mm long. Annulus prominent, glossy and crimson—red, massive,
»

deciduous in large fragments, 3 rows of cells_., outer walls thickened, opaque, inner walls
thin, transluscent, when wet cells inflated 'radially and periclinally. Spores olive—green,
circular to elliptical, isopolar, ('\7)12—'18(25)/““,'01: variable size within individual capsules,

Iarger' ones chlorophyllose, most turgid, some collapsed smaller ones brown,

collapsed, few chlorophyllose 'minutely. scabl:ate or scabrate— rugulate scabrae
0.25-0.50um, rugulae up to 2 um long, extraneous deposmon of slightly larger granules
superimposed sporadically over surface. Calyptra 4-8 mm long, extends well below
capsule, cylindric, * tapered distally to erect or slightly curved rostrum that is 1.5-2.0
mm {ong, cylinder baeally incurved and slightly puckered, + erose to lacerate, calyptra
_,,wsmoky—-(b'rvc_)wn, opaque, shiny or dull, sﬁooth to moderately scindulose in rostrum, -
scindulae rounded, smooth belew; in transverse section of cylinder 4-5 rows of cells
with small lumina, walls very thick. Chromosome numbers n=.13, 26 (Ineue 1974} and 52
(Lazarenko 1967).

b N

Habitat: Populations of B longipes grow primarily in montane and tundra habitats. Most
occur along streams or rivers. In such habitats the plants occur close to the water,

frequently on the overhanging banks, on fine, silty or sandy soil and geherally intermixed

’
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with other bryophytes that are similarly characteristic of this habitat These associates
'mclude Blepharostoma trichophyllum (L) Dum., Qu;me_lla gj;m_u_aana {Brid) Schimp., D_‘
s_.qhnebﬁnana (Hedw.) ‘Schimp., DRistichium inclinatum (Hedw.) B.S.G. Encalypta procera
Leptobryum pyriforme (Hedw.) Wils, Qrthothecium chryseum (Schwaegr. gx Schultes)
B.S.G.. Pohlia vexans (Limpr) H. Lindb. and Timmia norvegica In the course of work on the -
North American propaguliferous species of Pohlia, J. Shaw has also foﬁnd Bryobrittonia
to be a particularly consistent associate jof P. vexans.(pers. comm). Solme of _the
populatibns of B. longipes are shaded*ty/;alm and Betula shrubs, othérs are found in
unshaded habitats Bryeobrittonia also occurs, but seldoh on ledges or in crevices of rock
outcrops in montane forests or alpine and arctic tundra; these populations generaliy are
pure and consust of few plants. In the northern part of its North American range in
Alaska-Yukon, B. longipes is also found in alpine tundra on exposed soyl around the
mouth of abandoned ground squirrel holes, on steep talus slopes on the végetation '
s'tripes, and on soil along the edge or in the channel of seasonal streamlets. In such
habitats, B. longipes forms pure popuations or is intermixed with Arnellia fennica (Gott)‘
Lindb., Bryoerythrophyllum recurvirostrum (Hedw.) Chen, Bryum i m:hna:um (Sw. ex Brid)
Bland. jn Sturm, Qngumu_rn a[g;mu ‘Schimp., C. latifolium Lmdb Cyrtomnium
hymenophyllum (B.S.G) Holmen, .C.hxm&nmthmﬂes (Hib.) Kop. and "Lqmg_nmmnum nitens
(Hedw) Loeske. The most quurlant fruiting populatlon of B__\LQb__t_‘S_Q_Q_a that | have seen
(to be distributed in the En_c_aummag Americanae Exsiccatae — see Horton 1979a) was
collected in the Mackenzie Mountains at the base. of a steep slope in an herb fieid wvth
EpilQb.igm angustifolium L., Petasites frigidus (LJFranch., Salix spp. and Senecio triangularis
Hook. The plants of B, longipes were growing on gravelly ridges that appeared to have
built up along the edge of seasonal water channels. The herbaceous growth was not quite
“as dense on top of ’fHese ridges where the Bryobrittonia was growing, but the plants |
were intérmixed with qu_lm scirpoides Mic;hx. and grasses. Ecygb" rittonia .has also ‘

‘been collected in mesic, roadside ditches and even on the soil clinging to the base of an
uprooted tree. g 2 '

- !
B_mmj_gﬁ is probably a dlstmct calciphile. The underlying substrate at the

localmes where populations have been collected is always calcareous; most often it is

limestone. In western North America, the pH of the soil on which populations from
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Alberta, British Columbia and the Yukon Territory were growing ranged from 6.6 to 7.6
(n=14 from 4 different localities) with a mean of 7.1 (s.d=0.42) (Fig. 300j. The recording
of pH 6.6 is anomalous considering the rather consistent association of Bryobrittonia
with limestone. It may indicate a toier.ance of subneutral suL;strates, but more data are
needed to verify such a suggestion. All of _the associated species listed above are known
to occur on highly calcareous substrates, even if not all are considered to be as narrow
in their range of tolerance as is Bryobrittonia However, Bryobrittonia ié quite different
than the 'species of Engaj,y_p_ta that are restricted to substrates with a high pH in that the
Ca'* and Mg' content of the soil is contrastingly low (Figs. 301-302,Table 9). Possibw
this reflects é moré specialized habitat, which further stu&ies might elucidate.
Distribution: B;y_Qbﬂ_ana longipes has a circumpolar montane-arctic distribution (Fig.
\22). In Nprth America, most cbliectidns are from the Western Cordillera. It is reported
from Alaska in the Brooks and Alaska Ranges; from the Yul;bn Tverr‘itory in the British,
Ogilvie and St. Elias Mountains, and",wfrom lowland localities along the Alaska Higjhwéy
between Watson Lak'é and Dawson;v from the western Northwest Terfitories in the
Nahanni Range of the Mackenzié Mountai;\s; and from British Columbia and Alberta in the
Rocky Mountains. The most southerly locality is in the Prairie Creek area just west of
Rocky Mountain House in Albért'a {52°N). Bryobrittonia is also reported from scattered
localities in the Canadian Arctic including the Mackenzie Delta and Coppermine, as well as
from the rArctic Archipelag‘o;on Banks, Princqf.P;trick, Bathurst, Axel Heiber‘g and
Ellesmére I§Iands. On Greenland, B. longipes is known from Peary Land (Fig. 93)
Elsewhere, Bryobrittonia is reportéd from Svalbard, and in Asia from Lake Baykal, in the
. Altai Mountains from Teletskoye Lake and the Katun Ri\'/er near Barahgol, in the Komi
ASSR from UstTsil'ma, and from Lavrentiya on the Chukotskiy Peninsula (Fig. 82)
Abramova and Abrarmov-(I966) cited other collections from the region of the Lena Rivé}
in Yakutsk A.S.S.R.. at the headwaters of th_e River Markha and in the Verkhoyanskiy Range
at the mouth of the Amga River, and from central Asia in the Krasnoyarsk ’region_qn the
Yeniseyskiy Ridge (indicated on Fig. with open circles), but | am unable to confirm these

reports as specimens have not been made available to me.
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Figure 92. Distribution of Bryobrittonia jongipes.
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Fi§ure 93. Distribution of Bryobrittonia longipes in North America.
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In western North America, Bryobrittonia is rare, but appears to be of sporadic
occurrence in the Waestern Cordillera The populations are very seldom extensive and
most considt of just one or two plants. Bryobrittonia is not yet known from continental
Europe, but will soon be reported from Svalbard (Frisvoll pers. comm) Relictual
pbpulations may be found in Scandinavia and possibly in the Alps, but B[y_Qbr_QOa
appears to have been all but eliminated in Europe. Judging by the widely scattered Asian
localities, it is perhaps of more frequent occurrence and probably has a sporadic
distribution from the Altai Mountains northward, eastward and westward across Siberia
to the Urals. |

‘In western quth America, the distribution of B, jongipes is a classic example that
illustrates how our knowledge of the brydflora of the Western Cordillera has changed
over the last six years. When Vitt (1974) reported its distribution, B. longipes (as B.
pellucida) was known from scattered localities in Alaska, the Yukon and Northwest
Territories with a single southerly locality diéjunct in the Grande Cache region of western
Alberta. Vitt (1974) ‘considered this range in the largely unglaciated regions of
Alaska—Yukon and the disjunction to western Alberta to be further evidence supportive
that some plants survived Wisconsin glaciation. in situ in the southern Canadian Rocky
Mountainjs. Bryobrittonia is nhow known to have a mdi’e—or—less continuous distribution in
the Western Cordillera (Fig. 93). However, this does not necessarily negate the idea that
populations survived glaciation in southerly refugia, as discussed in Horton {198 1a). Some
,of the localities east of the Rocky Mountains that Bryobrittonia is now knqwn from, for
example the Genesee and Devon localities near Edmonton, probably do represent
- ‘Dst-glac.:ikal dispersal along major river systems. But it is noteworthy that Bryobrittonia
hés not yet been found farther south in the Canadian Rockies in the Banff or Kananaskis
areas where there are suitably calcakequs habitats. It appears that B. longipes has limited

potential for dispersal.

Structural Variation: Preliminary observations indicate that there are some irregularities
in spores of Bryobrittonia The basis for these observations are analyses of spores
obtained from individual capsules in populations from the following localities: CANADA

British Columbia—Yukon Territory border: west of Watson Lake, 60°00'N 129°03'W,

e
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Horton 9685 (ALTA - 1 capsule} (Fig 94 - d Northwest Territories Logan Mtns,
62°34'N 128°3I'W, Horton 14481 (ALTA -~ 3 capsules) (Fig 94 - b, e h) Yukon Territory
Clinton Creek, 64°37'N 140°37'W, Vitt J_Q]AZ (ALTA - 1 capsule) (Fig 94 - a) USA
Alaska Brooks Range, Franklin Mtns, 69°22'N 145°03° W, Steere 18628 (ALTA -
capsule {Fig 94 ~ f), NY - 1 capsule (Fig. 94 - i), 69°19N 145°02'W Staere & lwatsuki
74-790 (NY - 1 capsule) (Fig. 94 - j). Steere 72-480 (NY - 1 capsule) (Fig 94 - o
US.SR. Irkutsk western Sayan Riv.. Bardunov 8768 (ALTA 1 capsuie) {(Fig. 94 - g) (These
specimens represent aimost all of the populations of Bryobrittonia with sporophytes that
have been found up to the present time, inﬁghe herbaria made available to me).

The spores from these ten capsules were mounted on a glass slide (vouchers in
ALTA) in Hoyer's Solution and approximatély 200 from each capsule were randomly
selected The diameter of each spore was measured in the longest dimension and each
was scored as either plus or minus depending on whether they were turgid or collapsed.
Coloration was also noted (either brown or green). Thé size frequencies and conditioﬁ
(turgid versus collapsed) of the spores in each capsule are represented in Fig 94.
Mogensen (1978a, 1978b) has 2 stressed that smaller and larger spores do not disperse
randomly in a liquid megjium on a slide, and that this factor must be taken into account
when selecting spores for measurement. While it may be true;in theory that the smaller
spores will travel farther out from the centre of the slide than the larger spores, | have
seen little ‘evidence supportive of this statement, particularly when the liquid medium is
Hoyer's Solution. Furthermore, calculations based upon the method of analysis suggested
by Mogensen (1978b) to compensate for non-random dispersal suggest that this method
may actuaily lead to distortion of the relative proportions of small and large spores.
Therefore this methodology was not employed in the present study.

In order to test the viability of these spores of Bryobrittonia the spores from
one capsule (tJ_\Q_[I_Qﬂ 14481) were placed in a petri dish on filter paper moistened with
distilled water'./This dish ‘'was maintained under conditions of 10 hours of light
(flourescent) and 14 hours of darkness at 20°C until germination tubes were present on a
significant proportion of the spores (four days).

A further test for viability, the T.T.C. (Tri-phenyl. Tetrazolium Chioride) test for

dehydrogenase activity was also carried out The spores from one capsule (Horton

[



Figure 94. Bryobrittonia longipes. Intra- and Interpopulational Variation in

Spore Structure.

The percentage of spores in each capsule that are collapsed and

appear to be dead 1s indicated
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14482 ALTAi' this"collection is from the same population of Bryobrittonia as Horton
14 45‘]) were stained with T.T.C. ana the staining properties of the different spore types
(turgnd versus collapsed and brown versus green) were noted.
The analyses indicate the following irregularities in spores of B_ugb_ungnm Flrstly
) the range of variatuon in size that generally occurs within a single capsu|e is. almost as
great as that khoWn to occur in-all popula‘tions of this species, that is, from nhine to 18
microns (Fig. 94) Thns is unusual by comparison to most spemgs of Encalyptaceae where
the range of variation within-a smgle capsule or populatlon generally does not vary more
thnan four or six micRons. (However, there are other except|ons For —example,
intrapopulational spore size is'similarly more variable in one population of _E_b;emp_es (see
d‘iscussion of Variation of £ _brevipes)). Furthermore, there are two types of spores in’
capsules of Bughu_ngma, those that are turgid and chlorophyllose, and others that are
more—or—less oollapsed '(Fig. 87). some of which are brown and appear devoid -of
_contents. The collapsed spores tend to 'be those that are smaller,‘ but there are also large
" spores tha‘t are collapsed and brown. The proportion of collapsed versus turgid spores is
highly vanable between and even within popuations. In the ten capsules studied anywhere
from nune to 100% of the spore mass.consisted of@ollapsed spores (Fig. 94). Prehmlnary
observations indicate that lntrapopulatlonal variation in spore size, and the occurrence of
'collapsed and turgld spores are also characteristic of at Ieast some populations of E
’-si_ep_‘ggg_ar_p,a (see Figs. gg, 102 103). In Bryobrittonia, there are also irregularities in the
formation of spore tetrads. There are sporadic'mstances\where cell wall formation is
incomplefe and two spores-'remain more¥'or—|es.s "joined, although the protoplasts are
separate. Mogensen (1978a) reported this same phenomenon to occur in Q_mh_dmm
The resuits of the two viability tests are “somewhat arnbigu0us. in the germination
"test onyly the larger kspores (15-17 vmicrons)yhhad formed .gerrnination tubes after four
" days. Neither’the small, collapseo spores nor the small, torgid spores hadvgermi‘nated.
Therefore, it mary be cautiously :suggested that small, collapséd and brown spores of
Bryobrittonia might be dead and that the sm'all, turgid and green spolres are perhaps dying.
Lack of synchrony in death of spores mlght explain the ‘variation in proportlons of dead
pores noted above, if the capsules sampled were of different ages {which they ‘

undoubtedly were,.at least in some instances).
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The T.T.C. test for viability was similarly' inconclusive, but also suggests that the
small, collapsed and brown spores are dead. None of these spores stained red (red
coloration indicates a positive reaction). However, some of the larger, _turgid spores

turned red, but others did not. As V\fell; some of the larger, partially collapsed spores did

turn red. In contrest, the results of a control run on spores of Funaria hygrometrica

.Hedw obtained from a population living in the greenhouse were positive. All of the

spores ‘were turgid and chlorophyllose to begin with and all turned red with the

application of T.T.C. In conclusion, it can only be tentatively suggested that the collapsed

condition of some spores of Bryobrittonia may indicate that such spores are dead or
dyihg.‘ ; C .

Mogensen (1978a) reported spore mortalities of close to -50% ‘to be
characteristic of populations of Cinclidium arcticum (B.S.G) Schimp. and C. stygium Sw.

This report was based on an analysis of the staining properties of the spores; those that

~did not stain with acetocarmine or ecetoorcein were assumed to be dead, while those

that did were thought to oe alive. He found that the spores that were "dead” were all
smaller than the "living” spores and that they were brownish and strongly wrinkled in
contrast: to the green, spherucal I|vmg spores. Mogensen comed the term false anisospory
for this condltnon and suggested that a genetically determined lethal factor would account
for the death of a constant proportion of the spore mass at a particular point in spore
development (this being the ‘stationary phe'se, which is prior to the swollen phase that
- marks vegetative growth of the spores (Mogensen 1978al)). In the same study, Mogensen
(1978a) also reported an ‘t 1% spo‘re mortavlity in _C_ subrotundum Lindb. However, it was
thought that “this occurrence in C. subrotundum might reflect rrregularltles in meiotic

chromosomes which had been prewously reported.

Mogensen (1978b) also reported the phenomenon of false amsospory to occur in

Mggo_m_gy_m incurvum (Lindb.) Mitt, ﬂmz_om__mm magni Qhu (Horik.) Kop. and,Fissidens
cristatus Wils. -ex Mitt. , with 'appro'ximately 50% of the spore mass being aborted in

these species, but he noted that B punctatum (Hedw.) Kop. subsp. m,m_g_taty_m is

isosporous and all ‘spores are living. He described the spore mass of R magnifolium and

of F.cristatus as green and that of B punctatum subsp. punctatum as brown, but did not

" characterize that of M. incurvum. Neither color nor structural differences (aside from size
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and staining qualities) were lndlcated for the "dead”’ spores of those species reported to
be faisely anisosporous. It is also unclear from the study of g_ng_um_um (Mogensen 1978a)
how many sporangia and populations were sampled, although the subsequent report of

false anisospory in other genera was based on an analysis of the contents of a single
sporangium-of each taxon Mogensen (1978a 1978b) characterized false amsospory by
the mature spore mass consisting of large, ||vmg and> green spores mixed with small,

dead and brown spores. He also emphasized that false amsospory is a constant feature .
of populatlons in all. three species oi\ Cinclidium and concluded that this condmon
therefore has relevance in taxonomic considerations of these species. In Bryobrittonia
there are larger, green spores and smaller spores, some of'which are brown and
collapsed, which therefore may be interpreted as being dead; however, there are also
larger speres that are collapsed and brown, and small spores that are turgid and green.

Therefore, the relative size frequencies of the "dead" ‘and "Ilvmg spores of Bryobrittonia
do not conform to the bimodal distribution prescribed by Mogensen for false anisospory.

Also, it appears that there is neither mterpopulatuonal constancy hor mtrapopulatlonal

predictability of the relative proportions of "dead" and "Invmg spores that occur in
capsules of Bryobrittonia Therefore, the |rregular|tnes in spores of BLMUIIQD@ are not
a reliable taxonomic criterion, and data based upon observations of a smgle capsule or
population of any species of moss should be mterpreted with cautlon Also, there is a
need to refme techmques and define rehable crlterla for determlmng wabnluty of spores.

' The model of a genetlcally determmed lethal factor proposed by Mogensen:
, (1978a) to account for the 50% mortality and false anisospory in spores of Cinclidium
arcticum and C. stygium cannot account for the variable mortality rates observed in
BLy_Qb;r_iana.'tChromOSOme numbers of n=13, 26 (Inoue 1974) and 52 (Lazarenko 1967)
have been reported for populations of Bryobrittonia Therefore, it is possible that
chromosomal irregularities at meiosis associated with -the polyploidy might account for
the irregularities observed.in the spores, as Mogensen (1878a) suggested for Cinclidium
subrotundum. -

Phylogenetic Relationships: The following features in common indicate that

‘Bug]m_ﬁgma is most closely related to £ streptocarpa and E. procera the long, double

v
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beristome with the teeth opposite and more-or-lees fused to the segments; the
furrowed capsule wi.th a narroW, poorly differentiated rim; the 'well-—developed,
deciduous annulus; ”the small apolar spores that are green vand finely scabrate or
scabrate—rugulate; the relatively large, opaque calyptra with the rostrum ill- defmed and
the base of the cyhnder\ erose or irregularly attenuated and the long seta that is tapered

distally. As well, B_mb_mﬁgma_ and E streptocarpa are the only species in the

Encalyptaceae that are dioicous.

Speeimens Examined: ALA (25), ALTA (85), CANM (25), E (1}, H-Br (1), Priv. Herb. D. G.
Horton (25)-MO (2), NY (100), S (4), UAC (3), UBC (8). .

ENCALYPTA Hedwig
Spec. Musc. 60. 1801.

Leersia Hedw. ex Batsch, Tab. -Afd. 264. 1802. Hom. illeg. incl. gen. prior.

Plants to 50 mm tall, color as for farﬁil\y, * branched, otherwise as for family.;

Stem in transverse section with epidermal cell walls orange to dark-orange, cortical cell
walls yellow to orange, dark—orange in few, central strand undifferentiated or indistinct
in most, when present walls ‘hlyaline to (in few) yellow, otherwise as for family. BLQQQ
bodies absent or (in £. streptocarpa andE._p_r_Qge[a)lpresent, as for family. Agillary hairs

- sparse or in E a_f_f_mﬁ) abundant, as for family. Leaves with lammae inflexed to
conduplicate or in E mut_ca) plane, oblong to ligulate, Imgulate elhptnc oblong,
oboyate—eblong, ovate—oblong or ovate—lanceelate,.otherwnse as for famlly, marging
entire, otherwise as for family. Q_Q_s_t_a with adaxial surface papillose with Iaminal—type
cellsnabove; in transverse section 2—-4 rows of ventral cells, begleiters undifferentiated in
most, 2-8 rews of iabaxial stereids, abaxial epidermal cel.ls undifferentiated or 1-2 rows
with lumina slightly enlarged, walls strongiy thickened, otherwise as for family. Upper
- lamipal cells 7-18(20) Am long, walls papillose in transverse section papillae consist of

short, digitate clusters of basally hollow wall outgrowths, otherwise as for family; upper
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marginal cells with tumina ovate, walls strongly thickened marginalty, otherwise as for
family; transitional cells with walls on adaxial surface smooth well above basal cells or ‘
papillae extend almqst to basal cells, papillae + as on upper cells, on abaxial surface
smooth well above basal cells or papillae extend to basal cells, papillae + as on upper

cells or enlarged, some * "0"—shaped, much—branched, branches longer than on upper

cells, papillae extend farther basipetally on abaxial than on adaxial surf_ace; hasal ]amma_l

cells 14-120 um long, (7)12-23 ym wide, * distinctly differentiated with transverse walls .
+ strongly thickened particularly at corners, orange to dark—orange, yellow in few, entire

or perforated by 1 large pore, longitudinal walls thin, hyaline to orange, entire “or

perforated by 1 large pore; walls thin, hyaline to orange, smootrt or (iniaiﬁnﬁ) papillose

abaxielly, irregularly perforated; otherwise as ~ for family; basal marginal cells |
undifferentiated to * distinctly d_ifferentiated in .2420 rows, otherwise as for family,

Geniautoicous or {in Ls_tnep_to_c_ama)' dioicous. Perichaetial leaves * differentiated by *

broéd,A'sheath—l'ike base, basal laminal cells less distinctly differentiated in many,

otherWise * ae vegetative IeaQes; p_euggma! leaves distinctly differentiated, 0.8~1.2(1.5)

mm- long, broad and sheath—like; perigonial paraphyses with cells uniform in size,

otherwise as for family.

Qe_ta 2-20 mm long, otherw;sé as for fam|ly Capsule with neck indistinct or (in E.
| affinis and E. longicolla) + well—dlfferentlated, otherwise as for famlly( exothecial cells
and rim cells as for family; sjg_mata superficial to (in E_ streptocarpa) superficial or
indistinctly immersed, otherwise as for family. Peristome and QQQLC_LH_UL’Q as for family.
Annulys undifferentiated in most er (ih_E._s_tL_e_p_Lanr_p_a‘and-_E,_QLQ_c_eLa) prominent, as for

family. S,p_Q[_e_s and calyptra as for family.. Chromosome number n=13 or 26 irt most,
fewer withn=12, 14,27 or 39, - _ '3

Type: Encalypta ciliata Hedwig.

Nomenclatural Notes: Coker (1918) cited Schreber (1791} as the original author of the
genus Encalypta and designated "Bryum extinctorium L' as the type species. While
Hedwig (1801) included Bryum extinctorium as a synonym of E._ wvulgaris in Species

Muscorum, Coker's selection can be regarded as arbitrary. It is apparent that she was not
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considering the species included .in the genus by’ the original author. Three speciés
presently considered as encalyptas, E_vulgaris. E. ciliata aﬁd E. streptocarpa. were
described by Hedwig (180 1). However, his circumscription of the genus Encalypta on the
basis of a simple pgristome of 16, narrow teeth, and perigonia that are bud-like and
lateral excludes E. streptocarpa from consideration as a potential generitype. With
respect to the other two species, E. vulgaris is charécterized by the lack qf a peristome
although some’pbpulations with a fragile, vestigial berisfqme do occur, while.-_E,_gjﬂa:a is
typified by the character—states included in the protologue by Hedwig. Coker's type of
Bryum extinctorium is rejected on the groun&s that the choice was. ar; arbitrary one
{Article 8, ICBN) and beca;.lse the species does not clearly accord with the original
\descri;ﬁtion of the genus in Hedwig (1801) as does another species treated in this same

work (Article 7.12). Therefore, E. ciliata is chosen here as the type species of Encalypta
. *

¢

KEY TO SPECIES OF ENCALYPTA

1la. Spores heteropolar wifh sculpture of proximal and distal surfaces markedly
differentiated (Figs. 68—69), proximal surface with narrow radial plicae, granular or +
sm.ooth to rugulate centrally, trilete mark Qndifferentiated to \i‘ well-defined (Figs.
200-204, 239, 256). distal surface either with prominent, warty or vermiform
-prdtubefani:es (Figs. 70, 238) or with * prominent central pit bordered by * -
prominent rim and 5-7 ‘radial ridges, pit, rim and ridges * smooth to *rugulate (Figs.
194-199, 205-210); perist‘ome present and * well-developed to vestigial, 1 layer

. of teeth (endostome) with vertical division on outer surface of eaéh tooth absent
(Figs. 50-51, 61—62), teeth 0.4 mm long, dark-red to whité or hyaline, or beristome
“absent (Fig. 52) .. .. . . L U 2.
1b. Spores ;sopélar or paraisopqlar with sculpture of proximal and distal surfaces
undifferentiated or indistinctly differgntiated {Figs. 65;67),, gemmate or verrucate
with prominen{, warty protuberances (Figs. 140-148, 161-171), peristome present

and well-developed, 2 * fused layers of teeth (exostome and :endostome) with

vertical division on outer surface of each tooth (Figs. 47-49, 54, 58-59), teeth



3a..

3b.

5a.

5b.

14

0.4- 1.2 mm long, dark-red to white, or peristome absent . .. ... ......... 13.
2a. Spores on distal surface with prominent, warty or varmiform prdiuberances,
trilete mark undifferentiated or ill-defined (Figs. 238-241, 267-270)

........................... 3. (E. rhaptocarpa-E. vulgaris Complex).

2b. Spores on distal surface with = prominent central pit bordered by * prominent
rim and 5-7 radial ridges, pit, rim and ridges * smooth to rugulat.e, trilete mark
well-defined (Figs. 196-213) . .. .. e
P P 11. (E. ciliata and Closely Related Taxa).
Spores with elongate, vermiform protuberances on distal surface, war:ty
protuberances few or absent (Figs. 267-270); pernstome absent; leaves muticous
................................ - E flowersiana p. 341).
Spores with warty prdtuberaﬁces on distal surface (Figs. 238-241); peristome
present and * well-developed to absent; leaves muticous, abiculate or,,hvair—point.ed
- o 4
4a. Leaves vmm surface of costa in upper half covered with long (100- 165
um), dense spines (Fig. 13); leaves muticous; peristome absent to vestigial;
ca|yptra rostrum<i2mmiong: .. .. ... ... R .. 7. .E armata p. 375).
4b. Leaves with abaxial surface of costa in upper half with shorter {46—-80 um),-
spal:se projections, or with low, rounded scindulae or low and branched papiliae,
or smooth (Figs. 11—12); leaves muticous, apiculate or hair—pointed: peristome
absent to well—develbped; calyptra rostrum 0.53—2.0 mmilong ... ... ... ..
o . 5. (also, see Table 4).

Pernstome present and * welli—developed; capsule + deeply, longitudinally furrowed

with dark—-red ribs (ribs faint in some young capsules), leaves hair—pointed,

inconspicuously keeled in upper part on abaxlal surface by green, + shiny costa;
basal laminal cells prominent with dark-red or orange walls ... .. .. ... ... .. .. 6.
Peristome absent to v_esﬁgial;'capsule + smooth_to lightly furrowed with ribs
undifferentiated to pale-orange; leaves muticous, apiculaté or ~ hair—pointed,
prominently keeled in upper part on abaxial surface by golden— to dark—brown, shiny
costa :tQ,;jnconspicuously keeled by green, * shiny to dull costa; basal Iahinal cells =

inconspicuous with yellowish to pale-orange walls . . . . ... ....... B 7.



6a. Base of calyptra entire to erose

... ... E. rhaptocarpa s. str. {p. 304).
6b. Base of calyptra fringed, segments lanceolate—truncate and well-defined . . . . .

. E. vittiana (p. 315)

7a. Leaves hair—pointed, hair~point hyaline, leaves * inconspicuously keeled in upper part

on abaxial surface by green to’brown, * shiny to dullcosta................ 8.

7b. Leaves muticous or stoutly apiculafe, leaves * prominently kesled in upper part on

abaxial surface by golden to dark—brown, shiny costa to * inconspicuously keeled by.
green, dulicosta .. ... ... ... .. ... R PR 9.

8a. ~Calyptra pale—gt;lden and almost transparent with capsule details discernibie
through calyptra; base of calyptra fringed, segments *+ well-defined . . . . . . ..

.. ....E. spathulata s. str. (p. 324).

8b. Calybtra goldén to brown.distally and tranéluscent with capsu‘lé barely visibie
through célyptra; base of calyptraentire . . ... ... ... ... ... L

.. ... E. intermedia (p. 353) (few North American populations).

9a. Calyptra with base of cylinder entire to @rOSe . . . . ... ... ... 00

8b. Calyptra with base. of cylindér constricted and fringed, segments linear and =*

Cowell=defined . ... .5 asperifolia (p. 362).

10a. Capsule t furrowed, ribs indistinct to orange; seta 1-4 mm long: leaves
inconspicuously keeled in upper part on abaxial surface by green, dull costa;

-

. calyptra rostrum 0.8-1.0 mm long, base of cylinder reaches or very nearly

reaches uppermostlieaves . . . ... .. .. ... ... ... T
... . .E. intermedia {p. 353) (mo§t North Americag populations).

10b. Capéule * smooth, ribs undifferentiaied; seta 4—8 mm long; Ieaveé prominently
keeled in upper part on abaxial surface by golden to dark-brown costa; calyptra

rostrum 1-2 mm Jong, base of cylinder is raised well above uppermost leaves.

..................................... E. vulgaris s. _slr_ p. 35?).
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11a. Leaves with margins plane; apex muticous; peristome absent to vestigial

. *. ... E. microstoma (p. 285).

" 11b. Leaves with margins narrowly to broadly recurved in mid—portion distally from basal

13a.

13b.

15a.

15b.

17a.

17b.

celis, apex mucronate to apiculate or muticous; peristome well-developed to absent

S PR 12,

12a. Calyptra smooth to sparsely papillose distally; peristome well-developed to
absent; leaves mucronate to muticous or stoutly apiculate . . . . ... .. IR
.................... .. ..................E.ciliata(p. 249)

12b. Calyptra densely papillose througho.vut; peristome absent; Ieéves, hair-pointed to
MULICOUS . . . . . '. .. E. sibirica (p. 282).

Vegetative portion of plants with + prominent clustefs of brown, filamentous brood

bodies in leaf axils Figs. 3, 97) . . . . .« ST

.. ... .14, (E. streptocarpa and _E_ procera).

Vegetative portion of plants lack brown, filamentous brood bodies . . . .. .. .. 18.
14a. Some plants with sporophytes and/or emergent calyptrae . . . ... .... .. 15.
14b. All plants sterile . . . A e . 16.

Uppermost leaves rr;uticous; calyptra with rostrum hardly contracted from cylinder
Fig 71) . oo SR o D E. streptocarpa (p. 118).
Uppermost . leaves hair—pointed; , calyptra with rostrum’ slightly and distinctly.
contracted from cylinder (Fig. 77) . . . ... .. ... ... P E. procera (p. 128).
16a. Population found in North America or Asia (east of the Ural Mountains) . . .. ..

.......................... P .'g_.grocera(p.‘128).
16b. Population foundiin Europe (west of the Ural Mountains) . . . . . ....... .. 17.

Population found in Scandinavia . ... ....... .. e B

......E stregtocarg- a (p. 118) or E.procera.

Population found in British Isles or continental Europe .. .. ... .. P S

-
H

., ..‘..'.....‘.................l...A_E_E_.stregtocarga.',



19a.

19b.

21a,

21b.

23a.

17
«p

18a. Leaves with papillae on abaxial surface of basal cells, particularly marginally;
adaxial surface smooth (Figs. 30-31, 152) . .. .. ... ... ... ... .. ... 18
18b. Leaves with abaxial surféce of basal cells smooth (some uppermost cells
sparsely papillose) (Fig. 28); adaxial surface smooth . . ... .. ..........20.
Leaves muticous to broadly mucronate; costa ends well below apex to

subpercurrent . .. ... ... v
l ... . E. affinis subsp. macounii (p. 202).

Leaves apiculate to short hair—poihted; costa excurrent . .. . . .,

.o oo ... E affinis subsp. affinis (p. 201).
20a. Peristome present and well—&eveloped, 2 fused layers of testh with vertical
division on outer surface of each tooth: (Figs. 48-49,58-59 ... .. ... . . 2L
20b. Peristome absent . . . . . .. .22,
Peristome teeth crimson-red; capsule with well—dif ferentiated neck t equal to uker in
length (Fig. 46); spores 55~80um .. . ............. ... .E longicolla (p. 139)
Peristome teeth white to peach-colored; capsule with neck undifferentiated or
il-defined and considerably shorter than urn (Fig. 161); spores 30—45um . . .. ...
e ... ... ... ....... Ebrevicolla(p 212)
22a. Leaves with long hair—points; spores With rugulate sculpture . . . .. . . .. I
.. ... .E. brevipes (p. 233).
22b. Leaves muticous or 'apiculate; spores gemmate . ... ..... .. Cee e 23.
Leaves tapered to narrdW!y acute apex; stoutly apiculate, apiculus yellow; calyptra
golden to golden—brown, dark-brown distally, strikingly shiny, base of cylinder lacks

constriction, lacerate . .. ........................... E alpina(p. 153)

23b. ‘Leaves oblong with the apéx obtuse; muticous, calyptra pale—golden to

golden¥brown distally, moderately shiny to * dull, base of cylinder * constricted and

fringed .. ....... ... .. ... ......................E mutica(p 168)
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ENCALYPTA STREPTOCARP A Hedwig,
Spec. Musc. 62, pl. 10, figs. 10-15. 1801.
Figs. 3—-4, 26-27, 35, 38, 53-54, 95-103.

Types: "Habitat in muris vetustis, fissuris rupium Helvetiae,' Sudetum Silesiae, (calcarearum
Franconiae, Aust.riae,) frequens circa Clagenfurthum Carinthaie” (Lectotype:
"Encalypta streptocarpa Spec. Musc. p. 62 + 10. f. 10-15 Spécimina CaPfnthiae ad
Klagenfurt Silesiae in Sudetit lecta et muris vetustis Lusatiae" G—Hedw.—Schwaegr..

Leersia streptocarpa (Hedw.) Brid, J. f. Bot. 180'0(,2): 275.1801. Nom. lnval.

Encalypta Q_Qnmr_;a Hoppe ex Lindb., Ofvers. Férh. Kongl. Svenska Vetensk.—Akad. 20:
396. 1863. Nom. illeg. incl. spec. prior. |

Encalypta Q_Q_mQr_ta var. adpressa Schiffn., Sitzungsber. Deutsch. Naturwiss.—Med. Vereins
B&hmen ‘Lotos” Prag, 46: 163 1888 Types: A  Mauerwerk unter der
Stiftsapotheke in Hohenfurth 560 m, sehr réichlich; steril. —— Am Gemauer der Ruine

. Wittinghausen bei St Thoma f030 m, reichlich; ster. ').:. ') Ich besitze diese Form aus
dem Wusnitzthale bei Neuhutfen sudiich von Prag, wo sie gemeinsam mit der
Normalform vorkommt.” (Lectotype: ”Encélypta contorta (Wulf) Lindb. var. adpressa
Schffn. n. var. Am Gemauer der Ruine Wittinghalisen bei St Thoma * 1030 m 6/9

1896. Igt. et det. Schiffner.” FH~Schiffn!; Syntype: FH-Schiffn.)).
Encalypta streptocarpa var. adpressa (Schiffn) Podp., Consp. 164. 1954,

Nomenclatural' Notes: There are a number of specimens of E. streptocarpa in the
Hedwig~Schwaegrichen herba:;ium'and Hedwig's handwriting is on sgveral of these.
However, only one of these includes a direct reference to the description in Species
Muscorum (Hedwig 1801), as well as locality information from the ofiginal description.
Furthermore, two of the p’lants on this sheet match those illustrated by Hedwig when he
described _ngg_ep_t_gc_@r_aa Other instances where the specimen illustrated by Hedwig is
still extant in his herbarium have been reported’ by Peterson (1977) and Koponen (1878),

among others.

Diagnosis and Differentiation: Plants of E._streptocarpa are, in ‘many populations and
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particularly those with sporophytes, larger than those of any other species ot Encalypta
A de);initive feature ;)f sterile plants is the occurrence of large clusters of brown
filamentous brood bodies in the leaf axils. Also characteristic of £ streptocarpa is the
shape of the calyptra It 1s so gradually tapered distalI‘yl that the rostrum s virtually
undif ferentiated. The base of the long, narrow cylinder is either erose or it is lacerate and
elongated into broad, undulate segments that give it a rather untidy appearance The
calyptra s alwa;ls dark golden—-brown and opaque, but it is also somewhat shiny. The long
peristome consists of two, unfused layers that are both erect The orange, narrowly
linear exostome teeth are positioned opposite the yellow endostome segments thét arise
from a well-developed basal membrane. Capsules are long-cylindric with a slight
constriction just below the mouth and deeply, spirailly furrowed. They are golden‘ with the
ridges more opaque than the furrows and there is a very narrow, indistinct, red rim ét the
mouth. The seta is generally quite long and red orv orange. The long, narrow leaves with
more-or—less recurved. margins are always contorted and.in some populations they are
uniformly “spirally twistéd. The prominent costa is thick, golden—brown to red—brown and
shiny in the upper part. It extends almost to the apex of the leaves and ends there rather
; abruptly. A prominent micr'oscopic feature of the leaves of E, streptocarpa is the basal
_marginal border. Th‘is consists of a number of rows of very narrow cells that have
yellowish walls. The tr/ansverse'walls of the outer row are slightly oblique in the upper
part and the margin is here very slightly crenulate with the projecting outer corners. This
marginal border is distinct in most populations of E. streptocarpa; however, in some
populations of sterile plants, it is poorly differentiated in the lower part and here consists
of ‘cells that are orange in color and broader, more like the basal cells. The walls on the
abaxial surface of the transitional cells are papillose throughout, so the basal cells appear
abruptly differentiated. The basal cells form a large and distinct group with ‘c')range

transverse walls and yellow longitudinal walls. Many of the- basal cells on an individual leaf

of E._streptocarpa are short-oblong and the overall impression is of short, broad cells. ’

The spores are the smallest of any species of Encalypta green and isopolar. The minute
_scabrae are barely visible with the light microscope, but with the aid of SEM they appear
as small, rounded, granular thickenings that are more-—or-less irregularly scattered or

lined up in rows such that the surface pattern is similar to that of a fingerprint, as

- J



Figures 95-97. Encalypta streptocsrpa. Scale=1 mm.

Fig. 95 Habit of sterile plant with brood bodies.
Fig. 96. Vegetative leaves.

Fig 97. Perichaetial leaves.
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’ﬁigures 98-103. Variafion in Spores of Encalybfa _streptocarpa.
: _\,Fi‘g’s. 98-99. SC_aIe=2 pm. ' | |
Figs. 100-T01. Scale=4am

- Fig. 102: Scale=2 am. |

Fig. 103. Scale=4xm. SR

*
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suggested by Jaran-—KomIodl and Orhan (1975) _

Eng_aﬂgta step_tQ_Qa[pa is most hkeiy to be confused with £ procera The
* prominent clusters of brood bodies that occur among the Ieaves on sterile plants of E.
streptocarpa immediately dif ferentiate it.from_ all other species of Encalypta with which it
might be confused, except E. procera Differentiation of sterile pdpulations of E _procera
and E._streptocarpa is discussed under E_ procera Planfs of E. streptocarpa with
sporophytes are quite different than fruiting plants of E. procera Encalypta procera is
autoicous, and there are small, bud-like perigon.ia along the stem below the périchaetium.
While the peristome of E. procera is very long, like that'of £ ﬂpmmg_am the exostome
teeth and the endostome segments are more—or—less fused in“the lower two—thirds, but
in the upper part tﬁey are separaté and the exostome teeth are strongly recurved away
from the erect endostome segments. The seta is always dark—red in E procera At least
the upper Aleaves have hyaline hair—poihts and the marginal border at the base of the
leaves is either undifferentiated or indistincﬂy so in most populations. in transverse
sect}on there are only four rows of stereids on the abaxial surface of the costa. Spores-
of ﬁ_p__Q_c_g_a range from 14 to 24 microns in dlameter while those of _E_s_t_apjg_cama
" are nine.to 16 microns. N

Sterile plants of E. s_gcgpgg_c_ama that lack brood bodies, or if the brood bodies
are mconspucuous could be mustaken for £ wvulgaris. Mutucous Ieaves with a promnnent '
shiny (at least in the upper part) costa that extends: almost to the leaf apex are
characteristic of both species. However, in LJ.LIQLLS the leaf margins' are invariably
_plane throughout. v |
- . o~ .

Description: Plants to 50 mm tall, yellow— to olive-green above, some green to
'dark—gré_en, some encrusted with calcareous deposit,‘ brown to blackened below, :’:‘
branched. Stem in transverse section with central sfrand prese\nt, cells small, walls thin,"‘or
indistinct to undifferentiated. .Br_og_d b_o_cgas in * dense clusters among leaves of many
sterile plants, among lower leaves of some fertlle plants, many attached to base of costa,
. filamentous, long (£2 mm) and profusely branched in upper part, in lower part up to 10
or 12 filaments joined by iongitudinal walls, cells oblong. transverse walls slightly oblique,”

walls smooth and hyaline to pale—orange, branched upper portion of discrete filaments
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with * quadrate cells, transverse walls perpendicular, walls slightly irreguiar and
dark~brown at maturity, strongly thickened, 1 Iongitudinal wall thin in some. Axillary hairs
sparse. Leaves when dry incurved and regularly or quite irregularly twisted, laminae *
conduplicate and undulate, apex cucullate; 3.0-8.0 mm Iong,‘ 0.6-1.5 mm wide, oblong
with some slightly narrowed in  mid-portion, narrowly ovate—oblong or narrowly
obovate-oblong, apex obtuse, muticous; margins plane, 1 or both reflexed or narrowly
"recurved distally just above basal cells or in few intermittently nearly to apex. LQsta
- subpercurrent, ends 3-8 cells below apex, abaxial surface prominently keeled, shiny
above, dull from just above basal cells basipetally, yellow, golden—-brown or
reddish—brown, green only in uppermost leaves, densely papillose, from near base to jusi
above ftransitional cells, papillae large, some "o"—shaped, mdéﬁ—branched, * smooth
distally, .strong tooth-like pr{ojections + prominent apically; in transverse section with
2-3 rows ventral cells, begleiters undifferentiated, 5-8 rows of stereids. M laminal
cells 9—16(18)/4m wide, {9)12-20 um long, with 2-4 papillae per cell, each indistinctly
"¢"—shaped; upper ‘marginal cells 12-20 pm wide, 9- 14/4m long; mns_mg_na_ cells
paplllose to basal cells on abaxial surface on adaxial surface ‘'walls smooth somewhat>
above basal cells; basal laminal cells 18-60 um long. (9)12-16 um wide, promment
transverse walls orange Iongltudlnal walls yellowish, superﬁcual walls smooth, entire. to
irregularly * perforated some populatlons with tangled mat of narrow (7 um) rhizoids *
attached to basal cells; basal marginal cells * distinctly differentiated in 5-8 roWs
transverse walls ‘slightly obhque to margin and protruding in upper cells of outer row.
Dioicous. Perichaetial leaves hgulate ‘above ovate, sheath-like base, apex strongly
cuculiate; perigonial leaves 1.6 mrn long, broadly sheath—‘likebelow, quickly narrowed to
narrowly acute, muticous apex; Qe__g_o_ma_l paraphyses with some upper cells divided
.}Iongltudmally walls smooth or with low papullae

Seta (8)10-19 mm Iong flexuose, * twisted _dextrorsely‘n'ear capsule, ‘some
coiled I|ke a sprmg near capsule, dull to somewhat shiny, red to dark-red or orange
below, some yellowish to orange above, dark—red near. capsule; in‘transverse -section
(160)200-280 um in diameter below. Capsule (2.3)3.0-4.3(5.0) mrn long, when dry
cylindr'ic or tapered distally from broader base, dextrorsely :fprrowed, slightly

constricted beneath rim, slightly puckered basally and abruptly narrowed to seta, golden
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with the spiral ndges more opaque and shlny very narrow indistinct red rim at mouth,
when young golden green, dextrorsely furrowed or twusted when old * twisted,
dull-orange to greyish; exothecial cells in spiral rows, 115-170 um long, 12-18m
wide, in transverse section superficial and 'adjacent' radial walls on capsule ridges /
thickened, sueerficial walls 2.5-3.0 um thick, cell walls betWeen ridges thin; rim cells
differentiated in 1-4 irregular rows, (5)7-20 um Iong, (2.3)5-11 um wide, walls
somewhat thickened; stomata s‘uperficial to indistinctly immersed,-14?22, restricted to
capsule base, 30-41um long, 28-46 ym wide. E.QLLSIQhJQﬂQ mm long, in 2 concentric
layers, exostome teeth and endostome segments unfnsed, 16, opposite, exostome.iiy
erect, longer than endestome, low basal membrane present or absent, teeth filiform,
orange, t densely papillose, outer surface with 2 vertical rows of cell plates, inner
surface with prominent trabecuiee; endostome erect, basal membrane weli-developed,
ca. 1/3 height of segments, pleate‘a wivtn revolute flanges on outer surface between
" segments, fenestrate or entire, segments filiform above, pale-orange, + densely finely
papillose, outer surface with 1 vertical row of cells plates, inner surface with 2 vertical
rows of cell plates at base of membrane; preperistome absent’ Qperculum (_1.2)1.5—1..8
mm long, narrowly comc __r_mum promlnent glossy and crimson-red, massive, *
decnduous in fragments 3 rows of cells, outer walls thickened, opaque, inner walls thin,
transluscent, when wet celis inflated radially and perlcllnally. Spores olive—green, circular
to elliptical, isopolar, 8~16 um, * even in size within individual capsules to uneven with
some ?rger and ’sn‘ialler spores! 'minutely scabrate or scabrate-rugulate. Calyptra
(5)7—10{1 1} mm long, extends well below capsule, narrowly long-cylindric, gradually or
slightly but distinctly contracted to slightly curved or erect rostrum that is (1.2) 1.6-2.0
mm long. cylinder erose at base or elongated and * lacerate, calyptra dark gol'den—brown
in most to golden- brown very opaque, shiny, * papillose above, smooth below papiliae
* large and splny low and rounded basipetally; cells on outer surface of cylinder in

s
slightly spiral rows; in transverse section: cyhnder with 4-5 rows of cells with small

lumina, walls very thick. Chromosome nu_mbeg unreported.
- . -
Habitat: E_ng_a_lm;agx_r_epmp_ama is one of a few species of Ep_ga_l_yma that are not

restricted to montane and arctic habitats. It is widespread through the lowlands, as well
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as the mountainous regions, of Europe. This is .the species of Encalypta that
- characteristically forms mor‘e—or—|ess extensive tufts in the crevices of stone walls.
Encalypta ﬂm;m)_gaj:ga is also' found on exposed soil on rock outcrops and in crevices
of outcrops.' Pdpulations occur in both shaded and expoéed habitats. Encalypta
streptocarpa is generally associated with calcareous substrates. Limpricht (1880)
reporte'dl it to occur "An Kalkfélsen und kalkhéltigen Gesteinen.." and,Nyhoim {1954) noted

that it occurs ...preferébly in calcareous districts,..". However, | have also collected it
growing in seeps over granite so | suspecf that it may aiso ﬁave a tolerance of slightly.
subneutral conditions. Similarly, £ _alpina is generally found in association with calcareous
rocks, yet populations that were growing in seeps over granite were in sonl with a slightly
subneutral pH, not as acidic as one might expect considering the nature of the substrate
(see Habitat of E._ alpina). Therefore, an acidic substrate does not necessarily mean that

the conditions will be strongly acidic.

Dlstrlbutlon En_Qa]_mxa streptocarpa can be differentiated from _E,_QLQ_Qe_r_a with certainty
only on the basis of piants with sporophytes (see Dlagnosns and Dsfferentlatlon of E
procera). As such plants are presently known only from Europe, it is assumed that E_
streptocarpa is endemic to this region.. | have examined fruiting specimens from
' Scandinavia, Great . Britain, Poland, East Germany, Czechosiovakia, West Germar{y, |
Netherlands, Be!g‘ium, France, Spain, 'S'witzerl'and, Italy, Austriat Hungary, Jugoslavia,
RLumama Turkey and iran. | | | |
The range of E. sj_QMQ_Qa_r_p_a, which includes the hotter, drier Mediterranean
regions, extends farther south than that of most species of Encalypta except for some '
taxa in the E. rhaptocarpa-E vulgaris complex and E. ciliata Encalypta streptocarpa is.
ubiquitous throughout Europe, particularty in the steriie form. Sterile populations are
Qenerally extensive, as are.the frqiting populations, judging by the number of exsiccata

collectiops, but the latter are less common than the sterile populations.

Vériatio_n_: Preliminary observations indicate that spores of E. streptocarpa, like those of
- Bryobrittonia (see discussion of Variation under B, longipes), are subject to considerable

intrapopulational variation in size . Also, some spores are collapsed and appear dead (Figs.
’ - ; v
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99, 102-103), while others are turgid and appear to be viable (Figs. 98, 100-101, 103).
Phylogenetic Relationshibs: Encalypta SILQD_I.QQAEQ&! is und;?;btedly most‘closely related ‘
to E_procera Characteristics that indicate this relation'shipvincludﬂe not only sporophytic,
but also vegetative features. Both are characterized by an opaque, papillose calyptra that
15 ‘|0ng and narrow, a long-cylindric capsule that is .deeply,' spirally twisfed, a
weli-developed, revoluble annulus, a conic—rostrate operculum, a long, double peristome
with the opposite endostome and gxostome more-or-less unfused and the endostome
with a well—developed basal membrane, and ‘a relatively long seta The most significant
vegetative characteristic that links E. mp_ggg_ama with E procera is the filamentous,
brown brood bodies that typify sterile plants of both'species. As noted in the discussion
under Structure, these are thé‘ only Tecies of Encalyptaceae with this characteristic. As
noted under E_ Rrocera, many sterile populations of E, mmga_ma and E._procera are -
undifferentiable. However, even fertile p.o.p’ulations héQe vegetative characteristics in
common including papillae on the abaxial surface of the costa, transitiohal cells with »
papillae extending to the basal celis on the abaxial surface and prominently colored basal
cells. : |

On 'the basis of sporophytic structures and the dioicous s‘exual condition, it is
probable that E. streptocarpa 'is also closely related to B. longipes (see Phylogenetic
Relatuonshxps of B. longipes).

Specimens Examined: BP (80), G (5), JE (290), PRC (95).

ENCALYPTA PROCERA Bruch,
Abh. Math.—Phys. Cl. Kbn‘igl. Bayer. Akad. Wiss. 1:
| 283, pl. 11, figs. 1-18. 1832.
Figs. 20, 47, 104

Type "An felsen auf Aipen in Norwegen in dichten Rasen. (Kurr)" (Lectotype: "Encalypta '

procera auss Norwegen Hubner Kurr 1828" BM—-Schimp.).

»
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Encalypta s_e_m_mu Aust., Bot. Gaz. (Crawfordsville) 2: 109. 1877 Type: "Vancouver's
"Island, May, 1875. Maggun" {Holotype: “No. 37 Encalypta selWym nsp? Vancouver.
1875 (May) Macoun” NY!).

Leersia procera (Bruch) Lindb., Musci Scand. 19. 1879. Ngm inval,

Leersia selwynii (Aust) éritﬁ, Bul. Torrey Bot. Club 18: 50. 1891. Nom. inval.

Encalypta cucullata C. Ml gt Kindb. in Macoun ef Kindb., Cat. Canad. PI. 6: 96. 1892. Type:
”On earth along the west bank ‘of the Columbia River, at Revelstoke, B.C., May 9th,
1890 (Maggun)" (Lectotype: “Canadian Musci 491. Encalypta cucullata, CM. & Kmdb
(N.Sp.) On earth in crevices of rocks along the Columbia River, at Revelstoke, B. C,

May 9th, 1890." S—Kindb.; Isotypes: NY (2 specimens (in part))).

Nomenclatural Notes: There are two specimens of E procera in the Schimper
‘herbarium, which is one _on the depositories of Bruch's herbarium cited in Sayre (19‘}7),
with labe! data that correspond more—or—less te those in the prot'ologee of E._procera.
One of these has “Encalypta procera nob. Kongsvold Norlvegiae Dr. Kurr.” written on it;
the other, "Encalypta procera Aus Norwegen Hubner Kurr 1828". The plants in neither
‘specimen appear to match the illustration that aecompahies the original description. The
first specnmen is in poor condition and there is no date of collectvon to mdlcate that thIS--
specimen was in the author’s herbarium at the time when _E_ Q]'_Q_QQL& was described. in
contrast, the other specimen, which is \_Nell preserved and consusts of numerous plants,
. clearly was collected prior to the publication of the new species. Therefore, the latter
has been selected as the lectotype. A | A o

Diagnosis and Desgriptien: Characteristie of £ procera in most populatrons thet inclyude :
some sterile plants are the masses of browh, filamentous brood bodies that occur in the
leaf axils. Plants of E. procera with sporophytes are defined by'a combination of
features. The Iong narrow calyptra i&*tapered gradually to the rostrum or there is a slight,
but distinct contraction so that the rostrum is dnfferentnated from the cylmder The base
of the cylinder is either erose, or lacerate and elongated into long, more—or-—less
undulate segments. The calyptra is golden ane the segmente, when present, are generally

whitish. The long, double peristome consists of 16 exostome teeth that are opposite 16
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endostome segmént's. The two layers are fused in the lower two—thirds; however, in the |
upper part the exostome teeth are strongly recurved away from the erect endostome
segments in the dry condition. The lower part of the endostome is a well-developed
basal mémbrane. The cylindrical capsule is spirally or longitudinally furrowed,'SIightly
constricted below the mouth and abruptly narrowed to the rather long, dark-red seta.
' Leaves are generally somewhat twisted on plants with sporophytes, but are almost
untwisted in some stéri}le populations “"when the axillary brood bodieé are particularly
prolific.-In E_procera, the leaves are dimorphic. The costa is subpercurrent or percurrent
on leaves in sterlle popuations, but is excurrent as a hyaline hair—paint on at least the
upper leaves of plants with sporophytes The leaf margins are narrowly to broadly
recurved shortly in the mid—portion of the leaf or almost from the apex to the leaf-base.
Microscopic features of E procera include the dark—orange or drange Walls of the basal
Jaminal cells. These extend fight to the margin in some populations, but in others there is a
rather ill-defined marginal border in the upper part The papillae on the abaxial surface of
the transitional cells are larger than those on the upper cells and extend to the basal cells.
The abaxial surface of the costa is similarly papillose in the transitional cell area and in
transverse section, there are four rows of stereids. The green spores are minutely
_ papillose and relatively small.

Plants of E. Q_LQ_QQr_a wnth sporophytes might -be confused with those of E.
5__§pjg_c_a£p_a or E. affinis subsp. a_ﬁms Calyptra (&Lnd capsule shape are very similar in £,
SLQQIQQQLQ&, however it is easily separated from ,E,_ procera by differences in the
peristome, leaves and spores. The habit of the peristome in E._streptocarpa is distinct in
that both the endostome -and the exostome are more—or-less erect Also, the leaves are -

always muticous and there is a distinct marginal border of yelldwish cells at the base of -

the leaves. Spores of E. streptocarpa are also green, but they are half the' size of those
of E procera ‘

S
Plants of E. affinis subsp. affinis resemble those of E procera in the short
~ hair—-points of the leaves and the recurved margins. Also, the single peristome of £
affinis subsp af 'dgs, which is composed of several layers of cells bears a superﬂmal_

resemblance to the fused, lower portion of the peristome of E_procera when the upper;

unfused part is broken off, as it frequently is once expoéed. Encaypta affinis subsp.
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affinis is differentiated by the smooth, unfurrowed capsules and the basal leaf cells are
papillose on the abaxial surface, particularly along :the margins.

- Sterile plants of E_procera, like those Of_E._ﬂL&p_tQ_Qﬁ_[Qﬁ: generally have abundant,
brown, filiform brood bodies in the axils of the leaves. While upper leaves of plants with
sporophytes are hair—pointed in £ procera leaves are muficou_é on sterile plants and
therefore similar to those of E_mmgg_agp_a The taxonomic problems that arise fr.éf}n
these stryctural similarities between sterile plants of £, streptocarpa and E._procera have
seldom been dealt with in the literature. When Bruch (1832) described E. procera. it was
on the basis of plants“ with sporophytes, but he also reported aha illustrated axillary
brood bodieé. Limpricht {1880) only included a short mention of E_procera and described
the more obvious differencés between fruiting plants of this speéies and_Ea_s_tLep_tQ;_ama;\
but did not mention the similarities between sterile plants of the two gpecies. A specimen

in Lindberg‘s herbarium that contains both fruiting and sterile plants of E_procera, but 'is
determined as "Encalypta procera c.fr. + E streptocarpa sterile” gives some indication

that E_procera probably was hot well understood at that time. Later, Brotherus {1923} in ~

Die Laubmoose Fennoskandias- gave a complete treatment of both E. procera and E_
mmm (as E._contorta) and noted under £. procera "Vegetative Vermehrung wie bei
E contorta”, but he did not give any discussion and his key separates the two taxa on the
.basis of sporophytic character—-states. Flowers (1938) was clearly aware of the probiem.
He stated that "I found it very difficult to separate E. streptocarpa andﬂm with
muticous leaves in the sterile condition.”, but Flowers concluded that a careful study of
gametophytic structures had led to the discovery. that there is a central strand in E
procera, but that tf;is Is in&iistincé or lacking in E._ streptocarpa Nyhoim (1954} also
considered the presence or absence of a central strand to be a ‘good’ taxdnomic feature
for dif.ferer;tia't'ing between these two species. Lawton (197 1) reported that E.
Magga differs from E. procera not.only in theAabsencé of a central strand, but also
in the muticous apex of the leaves and the plane leaf margins. Crum (1973) did not place
any taxonomic importance in the presence or absence. of a central strand for
differentiating between E. streptocarpa and_E._p_rp;c_e_La.

The central strand is not always'w'en—developed in sterile populations of- E_

procera, in my experience. Fprthermoré, | have not been able to discover any other
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char':ter—states that consiétently differentiate all sterile populations of E_procera from
those of E. streptocarpa However, one or more of the following features is useful in
some instances;, some populations simply ‘cannot be identified with certainty. In £
streptocarpa the costa is always thick and prominent at the apex of the leaf, while in
'some populations of E, procera the costa ends well below the apex. In plants with no
suggesfion of a basal marginal border to the leaves, it is safe to assume that these are E.
procera. However, in both E_procera and _E_ﬁr_epjgca_ma populations occur in which the
marginal border is weakly dif ferentiated. The basgl cells in many populations of £ procera
are dafk—orange on both the longitudinal and transversé walls; such dark coloratioﬁ does
not occur in £ _streptocarpa However, in some populations of E. procera, the walls are
paler and orange or yellow, just as they are in E_streptocarpa In most pobulati_ons of £
procera, there are some basal cells that are long—oblong in contrast to the regularly
short—-oblong cells that characterize E. streptocarpa but such elongate cells do not occur
in every population of E. procera The papillae that occur on the abaxial surface of the
costa and the transitional cellé in E. procera are generally larger with many that are
"o"—shaped and sparser than the lower, denser papiliae that occur in £ s_tr_gg’gg;_am_a

however, there is structural intergradatibn in this feature too.

Description: Plants to 50 mm tall, green to olive-green above, brown below, * branched.
Stem in transverse section with central strand present, cells small, walls thin and hyaline
or pale-orange, or central strand indistinct. Brood bodies in *+ dense clusters among
leaves of many sterile plants, among lower leaves of some plants with sporophytes,
many attached to base of costa, filamentous, long 3 mm) and profusely branched in
upper part, in lower part up to 10 or 12 filaments joided by longitudinal walls, cells
oblong, t}'ansverse walls slightly oblique, walls smooth and orange, branched upper
portion of disérete fila_men':s with + quadrate cells, transverse walls perpendicular, walls
slightly irregular and dark—brown at maturity, strongly thickened, 1 longitudinal wéll thin in
some. Axi[lary-na[s'sparse. l.eaves wﬁen dry incurved and almost untwisted to strongly
twisted, laminae plane to inflexed to conduplicate; 2:3-5,0(6.0) mm iong, 0.7-1.3 mm
wide, oblong or broadly oblong to narrowly obovate—oblong ot narrowly dvate—oblong,

few are narrowly elliptié—qblong, apex abruptly to quickly narrowed, muticous to
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hair—-pointed (£1.5 mm); margins narrowly to broadly recurved on 1 or both laminae *
irregularly * from narrowing of apex almost to leaf base. Costa subpercurrent to
excurrent, abaxial surface keeled, somewhat shiny above, dull from just above basal cells
basipetally, green to dark-red basipetally, golden—brown above in very few, green in
uppermost leaves, * densely papillose from near base to just above transitional cells,
~papillae large, many "o"-shaped. * smooth distally or with rounded tooth-like projections,
particularly at apex; in transverse section With 2-3 rows of ventral ceslls, begleiters'
undifferentiated, 4 rows of stereids. Upper laminal cells 12-16(18) um wide,
(9) 12— 16(25) um long, with (2)4-5(6) papiliae per cells, each +."c'~shaped; wpper marginal
cells 14-16(18) um wide, 9-12(14) um long; fransitional cells strongly papillose to basal

"t

cells on abaxial surface, papiliae large, some "0"—shaped, much—~branched, branches long,
on adaxial surface smooth somewhat above basal cells; basal Jaminal cells 28—90um long,
12-23 um wide, prominent} transverse walls dark-orange to paiej-orange,.Iongitudinal
walls dark-—orange to yellowish, superficial walls émooth, entire to * strongly, irregularly
perforated; basal marginal cells undifferentiated to * indistinctly differentiated, in 3-4
rows, in.some transverse Walls slightly oblique to margin and protruding in upper cells of
outer row. Goniautoicous. E_egghag:uil leaves ovate—lanceolate to oblong ‘fr9m ovate,
sheath—like base, apex narrowly to broadly acute, hair—pointed; perigonial leaves 0.9 mm
long, broadly oblong and -sﬁeath—like below then abruptly narrowed 'to broadly acute
apex, apical cells rather large and sharp—pointed; perigonial paraphyses with upper cellsr‘
entire, walls smqoth, very few with low, rounded papillae.

Seta (8)11-20 mm long, flexuose, slightly twisted sinistrorsely in mid—portion, *
twisted dextrorsely near capsule, dull to someWhat shiny, dark—-red; in transverse section
230-240 ym in diameter below. Capsule 1.9-4.0 mm long, when dry cylindric and
dextrorsely furrowed, slightly constricted just below mouth, slightly puckered basally and
abruptly narrowed to seta, golden with ridges 'golden—brown, very narrox& indistinct red
rim at mouth, when young golden—green and IongitUdinaHy furrowed, when old * twisted,
dull-orange to greyish; exothecial cells 62-207 um long, (9)14-23 um wide, in spiral to
longitudinal rows, in transverse section walls evenly thickened on external surface of
ridges, 6 xm thick on tangential walls, 13 um thick on radial walls, thin between ridges;
rim cells * differentiated in 1-2 irrégular rows, 7-30 um long, 12-17 um wide, walls -

—

J
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slightly evenly thickened; stomata superficial, restricted to capsule base, 53‘7Q;Am long.
46-53 pym wide. Peristome 1.0 mm long, in 2 concentric layers, exostome teeth and
endostome segments * fused in lower 2/3, 16, opposite, exostome strongly recurved in
upper part Wwhen dry, longer than endostome, * joined basally by low, fenestrate
membrane, teeth filiform, dark—orange below, paler distally, + densely papillose, outer
surface with 2 vertical rows of cell plates, inner surfacé with prominent trabeculae;
endostome erect, basal membrane well—developed, ca. 1/3 height of segments, pleated
with revolute flanges ‘og outer surface between sbgments, entire, segments filiform
above, pale—orange, * densely finely papillose on outer surface, smooth on inner, inner
surface with 2 vertical rows of cell plates at base of membrane. Qpercylum 1.5-1.8 mm
long, narrowly conic-rostrate. Annulus prominent, glossy and crimson—red, massive, *
deciduous in fragments, 3 rows of cells, outer w.alls thickened, opaque, inner walls thin,
transluscent, when wet cells infiated radially and periclinally. sp_QLe_s olive—green, circular
to elliptic;al, isopolar, 14-24 um, somewhat uneven in size in each capsuie, even in very .
few, minuterA gemmate. Calyptra (4.3)5.5-85 mm long, extends well below capsule.
harrowly long—cylindric, gradually o} some slightly but distinctly contracted distally to
slightly curved or erect rostrum that is 1.4-2.0 mm long, cylinder * undulate and *
lacerate at base, erose with age, calyptra golden to golden—brown with lacerate bas%
brown to white with age, *+ opaque, shiny, * papillose, some smooth basipetally, papillae +
Ié;'ge and spinous in rostrum, jow and rounded basipetally; in transverse section cylinder
with 4 rows of cells with small lumina, walls very thick, lacerations . Chromosome

NS
number n=27 (Steere 1954).

Habitat: Encalypta progera is one of a few species of Encalypta, including E._ciliata, E.
rhaptocarpa and E. streptocarpa, that are not restricted to montane habitats. Populations .
of E procera are also widespread in appropriate habitats, generally shaded rock
outcrops; in arctic, subarctic, boreal, northerly prairie and northerly deciduous forest
regions. Plants of E. procera with sporophytes characteristically grow in mesic habitats in
luxuriant bryophyte mats associated with rock outcrops, or on road bank or river bank

overhangs. The organic content of the soil is characteristically quite high. Two ‘speciesv

that are consistent associates of LQLQQ_e_ra with sporophytes are Distichium capillaceum
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(Hedw.) B.S.G. and Ditrichum flexicaule (Schwaegr) Hampe Other species that are
frequently found with E  procera are Arnellia ] tGQtt.) Lindb., Campylium
chrysophyllum Brid) J. Lange, Cyrtomnium | (Hub) Kop.. Eurhynchium
puichellum (Hedw.) Jenn and Myurella tenerrima (Brid) Lindb. In contrast, sterile plants of
E. procera are characteristically found in the crevices of rock outcrops, although they . = .
also occur on bare soil particularly along road banks, and the populations are mostly pure ‘ ‘
Also, the organic content of the soil is quite low. En_galxpja procera occurs in both
forested and tundra habitats as E, rhaptocarpa does but in tundra habitats, ‘E.,pmc_m;a |s‘
almost always associated with rock outcrops whereas E. rhaptocarpa also occurs on’soH. ’
Most populations of E procera are associated with calcareous substrates as the ..
associates listed above suggest However, the results of soil analyses, brimarily frqm
western North America, indicate a tolerance of slightly subneutral conditions. The raﬁge
of pH is from 6.5 to 7.5 (h=115 from 67 localities) with a mean of 7.3 (s.d=+0.29) (Fig
300), R
. &":} ;
Distributionz.Engaup_m procera is widespread in North America and is also reported
from Scandinavia, central and northern Asia, and Antarctica. in North America, populations
with sporophytes are reported fromsAlaska in the Brooks and Alaska Rénges and the

Chugach Mountaiﬁs- from the Yukon Territory in the Ogilvie, southern Richardson Selwyn

¢

and St Elias Mountalns from the Northwest Territories in the Mackenzie Mountams and
the Mackenzie Delta, south of Fort Simpson, around Great Slave Lakeggand on '
Cornwallls and Ellesmere Islands; from %‘nsh Columbia in thmast Cassiar . ocky.
Mountanns, from Alberta in the .Rocky Mountains and in the Lake Athabasca anc‘l Fort
McMurray areas, and in the Cypress Hills; from Montana in th;, Rocky Mour;ﬂtains; from
Wybming in the Rocky Mountains; from Colorado in the Rocky Mountains; from Manitoba:
from Ontario and Michigan around the Great Lakes; and from Quebec in the Gaspe
Peninsula {Fig. 104). However, if' the a§sumption if made that all of the sterile; North
American populations are £ procera, \as E. streptocarpa has not been found withj;g
sporophytes in North America, then_E._p_;gQgg_a is actually mo}e widespread and of more

frequent occurrence than it wouid apbéar from the distribution of populations with

sporophytes. It is known as far south as California in the west; as far south as Nebraska \
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and Missouri in the Mid—west; ac;'oss through Ohio and Pennsylvania; and dow;m along the ‘
eastern seaboard from Néwfoundlénd to North Caro_lina. Farther north, the distribution of
E _procera is probably reléti\‘/ely fr_eciuentl and more-or~less cohtinuous across the boreal
zone,' aFwd less frequeﬁt; but still more—or—less continuous |n the subarctic and arctic. A
Historically, there "has been some uncertainty that both E. procera ’and E
streptocarpa occur in North America Coker (1918} reported both species;, as did
.Flowers-(1938) and more recently Lawton (197 1). Flowers and Lawton stated that all
North %herica _specimens of E_ streptocarpa are sterile. In contrast, Crum (1973)
reported that "All 'records of £ streptocarpa Hedw. from North America are based on
- such sterile forms, which do, however fruit on occasion and are mdeed autoicous,
proving them to be E procera” and he concluded that _E,_s_tc_gpj_o_g_am_a does not occur in .

North America. His conclusion is probably correct, although it is posstble that the genetic

potential for producing either male or female plants has been lost from the gene pool of
i [

E. streptocarpa in'North America and that some of the sterile populations of plants are
actually E. streptocarpa ' " )

¢

Variation. Most of 'the Scandmavnan populatlons of E procera with sporophytes are ,‘.

somewhat different than the North Amcf[ncan ones. The calyptra capsule and seta are all

' the overall variation that oceurs in E P 2 and are hot consudered to warrant

“

taxonomic recognition of plants with these features as a distinct entity.

Phylogenetic Relatjonships:.E_nga_l_ypja procera is most closely related to £ streptocarpa
(see Phylogenetic Relationships of E. streptocarpal. There are some characteristics that |
are also sugges’&ive of more distant relationships with £ affinis (see Phylogénetjc
Relationshiﬁs‘ of _E_a_f_ﬂnm " |

-

Specimeﬁs Examined: ALTA (400), BM (1), CANM (30), COLO (2), H (), MO (1), NY (8]
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(15), S (B0)

ENCALYPTA Lont;n_cou.A Bruch,,
Abh. Math~Phys. Cl. Kénigl. Bayer. Akad. Wiss. 1:
282, pl. 10, figs. 1-15. 1832, \
Figs. 46, 48, 58, 60, 105-113.

Type: "An Felsen auf den Wocheiner—Alpen, elnzeln oder in kleinen Héaufchen. (Muller).”
(Lectotype "Encalypta longicolla einzeln an felsen in den Vochetq auf den ezerneperst’

(Schwarzenberg)“ BM-Schimp.)).
_Le_er_s_La]_Qngmua (Bruchy Lindb., Muscu Scand. 43. 1879. Ngm inval.

DlagnOS|s and leferentlatlon There are several features that set £ _longicolia quite
apart from other species of Enga]ypj_a The teeth of the single perlstome are long and
| incurved in the upper part giving the whole structure the appearance of a dome. When
old, the teeth do not curve mwards they are erect and flexuose so that they stand apart,

WhICh emphasnzes the broad mouth of the capsule. The shape of the capsule is unusual

among speeu ‘ L Encalypta The mouth. is very broad and there is a long neck that isl
- approximately the same length as the urn. Spores of_E._]_qngj_mﬂa, which are generally 70
microns in diameter, are considerably larg‘er than those of any other species of Encalypta
The leaves are very narrew and: sterile . plants can be identified by this feature alone.
Other distinctive features of E,_Jongicolla include the very shiny calyptra with a distinctly -
defined rostrum thet is short to moderately iong. The base of the cylinder is
lacerate—fringed. That is, the segments are narrow as they are in a distinct frtnge, but
there is very little, if any, differentiation of the fringe from the cylinder by a basal
constrlctlon or an inflation of the ‘upper  part of the segments. The calyptra is
golden— brown and transluscent to smoky—brown and rather opaque. In many populations,
the Iacerate—fringed portion i white. Capsules are -smeoth and turgld-—looklng in the urn
and there is a mere—or—{ess} broad constriction belc‘)“'w"the'mouth," while the neck is

puckered and twisted. The seta is quite variable in length, both within and between



Je®e
=

140

pdpulétions, but it is generally‘orange to reddish~black with a siight tinge 6f yélléw. in the
upper part. Plants are olive-—greeni to 'yeilow—greefw,. the leaves are very d‘ense'an'd the
rather dull costa is excurrent as a long, hyaline or yellowish hair-point on most leaves.
Microscopically, E. longicolla is chara!cterizedb by clearly defined basal cells with
dark-orange transverse walls that are strongly thickLned. There is-also a weli-defined -
mar ginal border of greenish or yellowish, narrowly oblong cells. The abaxial surface of -
the costa is more—or—less papillose and the }aminal cells extend up onto the sides of the
costa so that it forms an incohspicuous keel. In transverse section, there are two to three
rows of“‘st;reids in the cost:; Spores of E_longicolla are pale brown and very irreguiar in
shape. The urn of fhe capsule is so small and the spores s:') large that there are
comparatively rew in each capsule. ) .

As noted above, E. longicolla is defined -by several character-states that are
unique within the genus Eu;;_al_yp_ta thérefore there is nbt much likelihood of it being
confused with any other species. However, the calyptra of E. LQng_\QQI_I_a is wrtually
indistinguishible from that of_E,_alpme but_E_ajp_m is distinct in the Iack of a penstome
small spores and leaves that are quite broad basally, amang cher features. The calyptra,
of E. procera is also somewhat similar to that of _E_]gngi_QQ_Ua in 6verall shape and color,
but in E. procera it is more—or-less pa;;illose whereas it is always smooth in E. longicolia
Aiso, E. procera has spirally “furrowed capsules and the* margms of the leaves are
generally more—or—-less recurved. The only other species of E.D.CE.IMQIE with a capsule
with a more—or—less distinct neck is E_affinis, Howev‘qr, the neck is comparat:vely short
in E. affinis arrd the planté are considerably larger. Bdth_ELa_f_ﬁni_s andLh:_eﬂ_QQllg have a
pernstome type that is fundamentally similar to that ofE,_]gngLQ_QUa All three species have

“a single layer of teeth, but this is clearly the result of fusion of two layers of opposite

teeth and segments, as Philibert (1889) reported. The peristome teeth of E. longicolla are
generally , longer than those of either E. previcolla or E. affinis and they are dark
crimson-red, whereas those of E. brevicolla are white and those of E. affinis are pink.

Description' Piants to 20 mm tall 'yellow—gr'een to olive—green and brown above, brown
below + branched. Stem in transvers sectuon with central strand mdlstmct Brood bodies
absent Axillary hairs sparse. Leaves

en dry incurved and irregularly * thsted laminae

-



Figures 105-110. Variation in Spores 'c‘>f Enéalxgta Iongic'()lla.
Fig 105. Scale=20;m. |
Fig. 106. Scale=10um.
Fig. 107. Scale=20pm.
‘Fig. 108. Scale=10um.
Fig 109 Scale=20um
Fig. ” 0. Sca‘le=20).Lm.
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inflexed to conduphcate 15-35 mm long 0.3-0.8 mm wnde very narrowly oblong to
spathulate slightly constricted just above basal cells qmckly to abruptly narrowed to
hyaline or golden hair—point that is<1.5 mm long, apex muticous in rvery,«fe.w populatlons,
brownish in many populations; margins plahe in virtually all popuat‘ions, in very féw 1

margin very narrowly and shortly recurved in the mid—portion of very few leaves. Costa

excurrent, subpercurrent in very few populations, abaxial surface inconspicuously keeled,

rather dull, green or olive—green, smooth near base, * papillose distally, papillae low, as

°

on upper laminal cells, laminal cells extend up Sidii of costa; in transverse section 3-4
3

rows stereids. Upper laminal cells

rows ventral cells, begleiters undifferentiated;, 2

' 9 14(18) ym wnde 9-16 um long, with 2-4 papillae per cell, each-* distinctly “c¢”—shaped;

upper marginal cells 9—15 ym wide, 9- 12/urr'f long; transitional cells strongly papillose to
basal cells on abéxi;ﬂ surface, papillae as on upper cells, on adaxial surface smooth well
above basal cells; basal laminal cells 14-50 ym long, 2-23 /Am'wide, ‘prominent,
transvefse Walls dark—orange Iongitudinal walis yeliow, éuperficial wal‘ls smooth, entire
to irregularly * perforated; hasal marginal ge_lg distinctly differentiated in 374 rows.
Goniautoicous. Emj_c_haa_ﬂa_l leaves * broadly oblong and sheath-like below, narrowly
oblong above; perigonjal leaves 0.7- 1.3 mm long, * broadly sheath-like oelow, apiculate
to muticous; perigonial paraphyses with upper cells entire, walls smooth or with sparse, v,
low paplllae

Seta 4-10(15) mm long, flexuose to erect, slightly twisted sinistrorsely below, *
étrongly twisted de‘xtrorseW abo;e,. shiny and orange to dark—red to dull-orange when

old; in transverse section 160-185,um in diameter. Capsule 1.2-2.0 mm long, when dry

-short-cylindric, * broadly constricted below broad mouth, gradually contracted to seta

through long, puckered and slightly twisted neck, very few abruptly narrowed to seta,
smooth and * turgid, golden, * crimson around mouth and in neck, when old wrinkled or
+ spirally striate and expanded at mouth, dull-orange; exothecial cells 40-120 pm long,

(9)16-23 um wide, in Iongitud'inal rows, in transverse section walls evenly thickened on

‘external surface, 3-5 um thick; rim cells in 1-3 irregular rows, 12-14 ym Wwide, (319-16

;mi long, walls somewhat thickened; smaxa superficial, 15-17, restricted to capsule
neck, 35-44 um long, 30 ym wide. Peristome to 0.6 mm long, in 2 concentric layers,

exostome teeth and endostome segments fused, 16 to +16, erect and strongly incurved
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in the upper part, lanceolate—linear, some * divided longitudinally, crimson—réd, erect and
flexuose when old, exostome outer surféce with 2 vertical rows of cell plates, + densely
papi]lose with low, rounded papillae, endostome inner surface with 2 vertical rows of
cell plates, smooth to * papillose; preperistome absent. Operculum 1.0-1.5 mmubong,
convex—conic, long and broadly I%stratel Annulus undif ferentiated. SQ_Q_[_e_s pale— brown,
isopOIa‘r, rather irregular in shape with depressions, 55-80 um, * densely gemmate.
Qa;lxpjﬁa)3.546.0 mm long, extends well below capsule, .Iong—cylindric and distinctly
contracted to slightly curved or erect rostrum that is 1.2-1 .6’rbnm long, cylinder narrowly
lacerate—fringed at. base, segments * regularly narrow—trapezoidal, 0.3 mm long,
pendent, some slighﬂy inflated above, * broken off, calyptra shiny andg\olden—brown to
smoky-brown, some;vhat transluscent, with white Iacerations’ in some, smooth; in
_transvérse section cylinder composed of 2-3(4) layers of cells with very thick walis,
fringe is of 1 row of cells, walls exceptnonally thickened; in superﬂc;al view frmge cells

short- to long—oblong. Chromosome number n= 13 (Horton 1979a)

Habltat The fundamenta! factor limiting the occurrence of E. longicolla is probably
substrate-type. Throughout its range, populations grow only on very strongly calcareous
substrates. This has been reported by Persson and Gjaerevoll (1957), Crum (1960-61)
" and Horton (1979a) for North Americ"a, and by Limpricht (1890) and Amann (1912) for
Europe. The results of analyses of soil sémples gathered with collections of E longicolla 4
in western North America bear out the above reports. Encalypta longicolla has been
found on substrates with a range of pH from 6.8 to 7.8 (n=40 from 17 Iocalitieé) and a
mean of 7.3 (s.d=+0.30) (Fig. 300). Limpricht (1890) was the first to report that £
longicolla occurs on humic soil, and this was later noted by Amann (1812), and Persson
and Gjaefevoll (1957). In my experience in western North America, £ longicolla does not
grow on mineral soil. There is always a high humic content. ) ‘
Jn Europe and northwestern North America, E. longicolla génerally is found only in:
montane habitats. However, it is also knowh from two Iocahtles in arctic regions of North
America. Populations of E. _QQQ_QQ_I_& are found on seepy soil of tundra slopes,

characteristically on the sheltered edge of small solifluction lobes, and on ledges of rock

outcrops. Many of. the populatnons consist solely of E lonqicolla and the plants form
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"kleinen Haufchen’, as Bruch (1832) originally described them. In some populations, other
such mesic calciphiles as Encalypta alpina, Blepharostoma trichophyilum (L) Dum,
Cyrtormnium hymenophylicides (Hib) Rop., C. hymencphyllum (B.5.G) Holmen, Ditrichum
flexicaule (Schwaegr.). Hampe, Encalypta alping Meesia uliginosa sendtneriana (8.S.G)
Limpr., Qﬂbg_tn_e_mum smg_mm Lor. and Pleuroclada albesgens (Hook.) Spruce are
associated with plants of E. longicolla

"Distribution: Encalypta ]_Qﬂgjg_Q_Ua is reported from northwestern and eastern North

America, and from Svalbard, Scandinavia and the Alps in central Europe (Flg 111). In
North America, it is known from Alaska in.the Brooks Range and the White Mountains
vne'ar Fairbanks; from the Yukon Territory in the British, Ogilvie, southern Richardson and
Selwyn Mountains; from the Northwest Territories on Banks Island and the mouth of the
‘ Coppermine River, and in the-Mackenzie Mountains; from northéentral British Columbia in
the Cassiar Mountains; from western Alberta from the Rocky Mobptains at the Columbia
|C8fl8|d and from western Newfoundland from Tuckers Head, Bpnne Bay (Fig..112). in
Europe ,E_lQngm_Ql_la has just been reported from the Tornetrésk area in northern Sweden
Horton 1982). It is also known from the Jura Mountains, and the Alps in Switzerland,
Austria, southern West Germany, northern ltaly and northwesterri Jugoslavia (Fig. 113).

The specimen of _E__]_Q[\_ng_Q]_[a from northern Sweden‘was only recently collected
and confirms the occurrence of -this rare speciea in Scandinavia. Earlier, Schimper (1876)
reported _E_]g[lgj_gpﬂa from the mountains of Norway, but did not state the lncality more
specifically and did not cite a collector. There is presenjtly no specimen in his herbarium
to confirm this record. Lindberg (‘187_9)‘ excluded E. longicolla from‘ the moss flora of
Scandinavia and annsidered the Scnimper specimen to be misdete'r%ined.. '

Encalypta longicolla is very rare, particularly in Europe, but also in North America.
However, it is quite freduent I;cally, and there are numerous collections from a single
locality in many instances. For example, there are many collections from Chasseron in the
Jura Mountains. Similarly, thefe' was enough E. longicolla at the site in western Alberta to
collect an exsiccata of 50 specimens (Horton 1978a) and there are a number of
collections in different herbaria frnma the Surmmit Lake area in northcentral British

Columbia.



Figure 111. Distribution of Encalypta longicolla.
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Figure 112. Distribution of Encalypta longicolla in North America.
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Figure 113. Distribution of Encalypta longicolla in Europe.
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1o be endemic to the Alps and the Jura

In 1926, Herzog reported E
Mountains. Howaever, in'11957, Perssoh and Gjaerevolt reported a specimen collected in
the White Mountains of Alaeka and noted that Steere had earlier collected it in the Brooks
Range in 1951. Crum.(19_60—61) reported a fourth North American locality in the Summit

Lake area of northcentral British Columbia and he suggested that the patt'ern of

dus;unctlon of E. longicolla mdlcated that this specues had survnved the Pleistocene .

glaciations in sitl. Further North Amerlcan records are reported in Horton (1979a),
including one disjunct Ioca,lty at the Columbia Iceflelds in western Alberta Horton (1879a)..
*concurred with Crum's interpretation of E, longicolla as a refugial species and suggested

that the populations at theColumbia Icefields might be the result of post—glacnal

long— —distance dispersal from Beringian Trefugia in the north. It is also possible that B

populatlons of E. ]_QDQ_LQ_QH_& survnved in  local refugia in the souther Car)gdian Rocky
Mountams (see ?’ﬁcker & Vitt 1874, Horton 1981a). The occurrence of E longicolla in the
Coppermme area ‘of the Northwest Terrrtones which was extensively glamated (Prest
1969) is - further evidence of post-—glacnal@dlspersal {Horton 1982} in' western
Newfoundland E jgngjg_Qua is reported 'to be from an area that was ice—free through
much of Wisconsinan times (Belland & Brassard 1980). The concentratnon of localities in
northern Alaska—-Yukon—Northwest Territories and in the Alps suggest that most of the
popuations of E_longicolla survived in ungtaciated agpas during the Wisconsin and the
few outlying ‘populations in ndrthern Sweden, Svalbard, western Newfoundland and

western Alberta perhaps are derived from populations that survived-in isolated refugia

Phylogenetic Relationships: Encalypta longicolla is. so distinctly differentiated from

other species of Encalypta in‘the features that generally indicate relationships that it is

difficult to make a suggestion as to the affinities of this species. The well-defined, long
neck -of the capsule and the exceptionally Iarge, irregular spores are‘unique to‘this
species: The fused, double ‘peristome,is characteristic also of E. affinis and E._brgvigtglla,
but the dome-— shaped habit of the teeth in L LQngm_Q_ua is qune different than the

more—or—less erect habit of the former species. Relatlvely broad, smooth. capsules ‘with

=)

" a turgid appearance are characteristic of E~brevicolla as they a_re of E. Lg_ggj_c_o_u_a. The -

“ - r; ’ ‘ ., .
dark-orange, strongly thickened transverse walls of the basal laminal cells in E_longicolia
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are reminiscent of those of _E,_af_mus However in c:alyptra characterlstncs,E_]_Qngngua is
quite different. from E. affinis and E. h_eﬂc_Qua, and E: ]Qngi_cgua occurs only on
calcareous substrates whnle the latter species are elther restncted to acidic substrates E
b[Q)U_Q_QH_a) or are tolerant of subneutral conditions (E. gffinis)..

As noted under - Diagnosis and Differentiation, the calyptra of E. ]gngjg_o_u;;‘-is
virtually indistinguishable from that of E. alpina and both species are restricted to mesic,
ccalcareous’ substr_ates} However, in most othex; structural. characteristics these tWo
species afe very different so it is difficult to assess the> Qignifica'nce of the parallelism in
calyptrae and habitat | | ét R R
Sbecimens Examined: ALA (9), ALTA (145), BM (19), BP (3), 'éANM (2), FI (B), G (2), H (9),-‘.
~H=Sol (2), Priv. Herb. D. G. Horton (76) JE (20), LAU (30) MICH (1), NY (18), O (4), PC (3)
'Ron) $417), TRH (6], UBC (9). Z (8).

ENCALYPTA ALPINA Smith in Smith et Sowerby, : .
Engl. Bot 20: 1419 + 1 pl. 1805.
Figs. 79, 114-121.
Type: "Gs;chered on rock’s about the very sumﬁit of Bsn Lawers by’ Mr..G. Don in October
1804." (Lectotype: "'Erlwcalypta alpiﬁa gabetat [sicl rocks on ihe summit of Ben Lawers
Oct. 180[?] Mt. Don” BM—Turner!). ‘ . :
Encalypta ciliata Hedw. var. zlpina (Sm) Hook. et Tayl., Musc. Brit. 35, 1818.
&xgalxp_ta_ﬂ_maua;a Lam _e__DC var, alp_ua {Sm.) Hook. et Tayl ex Bnd Bryol Univ. 1. 143
1826, Nom inval. - .
Enmggmmu:m Nees ‘Hornsch. _e_Sturm Bryol Germ. 2(1) 48, pI 15, Fig..4. 1827
Types 'Wéchst auf dem Glockner in der N4he. der Gletscher (S_Qbﬂ,a_eg__;_ghg__) an
: “feuchten ferngten vom Grase entblbsten Steilen auf Pasterze der Leiter, dem
Tauern und andern Alpen um Heiligenblut und dem Rathhausberg und Bockhardt in der
Gastein (Hoppe! Eunck! L_agzg_r_ Hsch), und an' Felsen der Messerhngwand auf dem’ ‘
 Windischmattreyer Tauern (Hsch), um Minchen in schatt_nﬂgyen Waldungen auf -
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Kalkfelsen (Kittel?)" (Leétotype: “Encalypta commutata Hrnsch In alpe Pasterze et in

<+ mun's antiquis alpinis” GZU- Hoppel)

"En_gauma lacera De Not., Mem. Reale Accad. Sci. Tormo 39 245 1836. Type: 'In alplbus

supra B_emg, regione nivali. superata legit Dom. COMBA (Holotype 'Encalypta lacera
DNtrs In alpibus supra Reme legit Comba DNtrs RO

Encalypta gaugas_ma Ruprecht e_l Weinmann, Bull. Soc Imp. Naturalists Moscou 18 521
1846 Type: “In monte Kasbeck altit 1526’ prope nives: hquescentes Augusto.”
(Lectotype "Leersia alpina (Sm) =Enc. caucasica BRupr! Fl caucas. in m. Kasbek altit.-
1526 hexap., prope nivas liquesc. 13/8 44 Bojenati” H—Sol!).

Lﬁe;;ﬂaajmna (Sm) Lmdb Muscn Scand. 20 1879 Nom. inval.

L.Q.ELE@ alpina (Sm) Lindb. var. imberbis Llndb ex Braithw., Brit. Moss FI 1. 280. 42 1887.
Type: "Ben Laoigh, Perthshire (Holt, July, 1880)" {Lectotype: “Leersia vulgaris var.J}
qund7 an specues propria Br. Moss Fl Tab. 42, B:J. Ben Laiogh — Perth™™ Holt July/80

J._alam var. imberbis Lindb." S=M&li!). Nom. inval

Encalypta mmma_ta Neses, Hornsch &t Sturm var. fimbriata Kmdb Forh. Vidensk. ~Selsk:

Christiana 188816} 21 1888. Type "Knudsho” (No type found in S).

Encalypta commutata Nees, Hornsch &t Sturm var. lmtiﬁ[bﬁ {Lindb. gx Braithw.) Dlx Stud
Handb Brit Moss. ed. 1: 228 1896.

Ema_xpjagma_ld__ C MUII Nuovo Giorn. Bot Ital. n. s. 5(2): 173. 1898. Type: "Chmg interior,
prov. Schen—si sépt., in monte Tuu kio—-san, Oct 1896: J. Qiraldi,..” (Lectotype: ' '‘China

interior, provmcna Schen-si sept in monte Tun—Kno san 20 Oct 1896 Glraldl H-Br!;

-

lsotype B, ‘ ol

Engaupja mmmxa Nees, Hornsch. _e; Sturm var. giriata Meyl Rev. Bryol. anhenol 39
18, 1@12 Type: "au sommet du Chasseron, vers 1.600 m (Holotype: "Encalypta

' commutata var: striata var. no‘i Chasseron. 1600 m. Sept. 191 0. leg Ch Meylan" LAU!.

Encalypta commutata Nees, Hornsch, et Sturm var. gerrata Meyl gx Syd., Bot. Jahresher.
(Just) 40(1): 72. 1_9 13. Nom. inval. g_g:_ pro E. commutata var. 5' triata‘Meyl.
Encalypta rhaptocarpa Schwaegr. var. serrata Meyl. gx Syd. Bot Jahresber. (Just) 40(1):

58 1916. Nom. inval err. pro E. commutata \‘/ar striata Meyl.
En_qa_yp_ta commutata Nees, Hornsch. _e_ Sturm var. rhaptotheca Amann _e_Meyl Fl. Mouss.
Suisse 1: 104. 1918, Type: none cited. |
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Engalyp_ta alpina Sm. var. M(Lindb ex Braithw.) P. Rich. g’g Wallace, Tran%f Brit. Bryol.
 Soc. 14y ix. 195. e
Encalypta alpina Sm. var. fimbriata Kindb) Podp., Consp. 160. 1954,
Nomenclatural Notes: (1) Capsules of E._ alpina consistently lack a ‘peristome; yet Smith
(1805) in his descrnptnon of this specue,? referred to a penstome .of 16 Imear upright
teeth”. There is presently no specimen of _:E*alp_ma in the Smith herbarlum at the Linnean
Society of London (T. O'Grady, Executﬁe Sebretary in Jitt). Furthermore Mr. OG%:;’ has
mformed me that when a specnmen '15 present in the Smith herbarium, the citation in
English Botany gvhere the original descmptnon of E. Alpina was pubhshed) included the
notation 'our sﬁ’emmen .or 'Specimens have been’ ‘sent by..". Such a notation is not included
wnth the citation of the type specimen of L. a]mna so it is possnble that this specimen
never was in Sm:th’s herbarium. Smlth reported G. Don as the collector of the specimen
of E._alpina and E, OXF and BM are cnted by Sayre (1977) as repositories: for the Don
herbarium. There is no Don speoimen of E. alpina in E;‘however; in the TUrner—Hooker
herbarium in BM, there is such a specimen, which has bgen selecte'd as the Iectotyoe; This
specimen vpresently consists solely of E alpina. so it is difficult to understand the
reference to a peristome in the original description, uniess the specimen formerly
consnsted of a mixture. When Nees, Hornschuch and Sturm (1827) described E
Q_Q_mmg;a_m, they referred to Sowerby's plate ofialmna whnch accompamed the original
- description, but did not allustrate a peristome, and omitted reference to- Smith's
description. In contrast, in their descriptions of oiher species” of Engalxp;@ Nees,
Hornsohuch and Sturm did cite Smith, so in the instance wi:chﬁ_alp_iné it may have been a -
purpose_ful‘ornisrsion. One can 'speculate that they found the description té be incorrect in
this feature and therefore omitted reference to it. . |
It is clear from Slr Joseph Daiton Hooker's diary (Huxley 1918) that James
Edward Smith was a close acquanntance of both his father, William Jackson Hooker, and
his maternal grandfather, Dawson Turner Therefore it is possnble. that this spec:men in
. 'BM is actually the original specimen that Smith descrlbed, or it may .-be a dup!ucate given
to Turner by Don. In any event the taxonomnc concept of E. alpina is well estabhshed

.

historically and as the type Specnmen fits this concept, | see no reason to con%nder this -

-
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specimeri as Unsuitable for a lectotype, despite the incongruency with the original
description. * ‘
- (2) See Variation for a discussion ofAL_e_ar_sia alpina var. imberhis.

Diagnosis and Differéntiati'on: Encalypta alpina is, differentiated from all ofh’ejr species
of Encalypta by the narrowly acute aﬁd stoutly apiculate apex of the leaves. Another

rticularly striking characteristic is that the éolden to golderx—brown, opaque calyptra is

lossy. As well, the calyptra is distinctly, but or\ly slightly, nerrowad to a relatively short .
rostrum. The base of the calyptra cylinder is lacerate with long, more—or—less incurved
segments that are pale—brown initially, but with age become white ana then are generally
broken off leaving an erose, white border. The gymnostomous capsules are narrowly
~ cylindric and ‘sharply contracted at or just below the mouth,. and .in many populations
there is a white rim of tissue just inside the mouth. The shiny seta is v‘dark—red to almost
black and the stoutly a;S'iculate leaves have a similarly shiny, but dark—brown costa {except
in the uppermest leaves where the costa is green). Plants of E_alpina have a very neat,
almost rather sparse appearance attributable to the clasping leaves that are hardly twisted
.in' most populations. There is an overall impression of shininess derived from the
calyptra, seta and the costa. Microscopically, E._alpina is characterized by upper leaf cells
that tend to be slightly smalier than in most other specnes of Encalypta However the size
~ of the cells is. dlfflcult to.determine because the vertical walls of the upper leaf cells are
obscurved by --the dense, "c’ -—shaped papillae on the outer walls and it is actually this
obscurity ef the upper‘ leaf cells that is a better differenﬁating feature thar\ the size. The
basal Ieef' cells are prominent with both the transverse and longitudinal walls colored
dark—orange. Also, there is a clearly deflned basal margmal border of elongate yellowish

cells. The abaxial surface of the costa is smooth and there are two to three rows of
sterelds in a transverse section. The spores.are irregularly, finely gemmate and with SEM
the surfacé of the gemmae appears very irregular.

Encalypta alpina might be confused with Lmﬂmi@gmﬁ_ progera or £

rhaptqcarpa Encalypta _r_ny_;g_a resembles E. alpina in the lack of a peristome, and the
shape and coloration of the'capsules is virtualchu‘ndistinguishabl_e’ from some that occur in

E alpina Also, the spores of E mutica are very similar to those of £ alpina in the



Figure 114. Variation in Leaves of Encalypta alpina. Scale=1 mm.

]
Note 'atypicall muticous leaves from type of the .variety imkerbis

(left), a Yukon population. (centre) and ar{ Arctic population' {right).
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Figures 115-120. Encalypta alpina.

Figs. 115-118. Spores. ‘
Figs. }15—1 16. Distal surface.
Fig. ]:I5. Scale=10 um.
Fig. 1.16. Scale=4 ym.
Figs. 117-118 Prokimal surface.
Fig. 117. Scale=10pfn. f
Fig. 118. Scale=4m.
Figs. 119-120" Capsule mbuth with 'hymenium’.
Fig. 119. Scale¥100pm. '
Fig. 120. Scale=40um.
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sculpture of the exine. Encalypta mutica is best distinguished by the consistently muticous ‘

jeaves with inconspicu0usbba,_sal cells. In both E_longicolla and E procera the calyptrae
are similar in shape and coldration to those of £, alpina Encalypta ]_Qnglc_QUa can be
differentiated by the long, dark-red peristome teeth and leaves with long, hyalihe
hair-points. The calyptra of £ procera is papillose, at least in the upper part, and there is
a long. double peristome present on the spirally twisted capsules. Encalypta procera can
also be distinguished by leaves with recurved margins and ?ﬁ’é brood bodies that

cor;nmo_nly occur on sterile plants. W

Description: Ej_ama‘ to 50 mm tall, light-green to olive—~green with yellow tones above,
brown below, * branched. Stem in transverse section with central strand undif ferentiated
in most populations, WHen present, cells small, walls thin and hyaline. QLQQ_d bodies
absent. Axillary hairs sparse. Leaves wheﬁ dry incurved and only very slightly twisted in
most populations, somewhat twisted ih very few, laminée conduplicate to inflex

(1.0)2.3-34(40) mm long, (0.410.7-1.0 mm wide, ovate~lanceolate, .narrbwly

ovate—lanceolate or narrowly ovate—oblong. apex very gradually narrowed and nafrowly '

acute, stoutly apiculate to stoutly short hair—pointed (<1 mm long) in virtuglly all
popuiations, apiculus or hair—point yellow, very few populations with apex muticous;
margins plane. Costa excurrent, subpercurrent in ve?y féw populations, aEaxiaI surface
keeled, shiny, green to dark—brown to dark—red, smooth; in transverse section with 2-3
rows ventral cells, begleiters undifferentiated or some with 2 or 3, 2-3 rows of
stereids. Upper laminal gells 7-12(14) ym wide, 7-12{16) ym long, with 2—5 papillae, each
+ "c¢'—shaped; upper marginal cells (9)12-14 ym wide, 7-12 um long; iransitional cells

with walls smooth above basal cells on abaxial surface, on adaxial surface walls smooth

well above basal cells; basal Lammal cells 40-80 um long, 9-23 um wide, prorhinent,

transverse walls dark—qrange, longitudinal walls dark—orange, Superficial walls smooth,
irregularly + perforated; basal marginal cells yellowish, distinctly differentiated in rows.
Goniautoicous. Perichaetial leaves sheath—like ‘and broadly ovate-lanceolate; perigonial
leaves to 1.3 ‘mm long, sheath—like and broadly ovate-lanceolate below; perigonial
paraphyses with upper celis divided, walls smooth.

+
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f ke ecu?strongly and tightly
xirorsely abova middie, shiny and dark-red , 2 transverse section

. 1185 210/u

u’»v«‘

; {M‘ien dry cylindric to
a.'"i:*"" narrowly~cyhn%'|c 'w;th 5 6 vary s#tght *+ indistinct longitudinal ridges, * strongly
‘_contractqd at q@gouth\ or” 1u§tmbplow mouth slightly puckered at base and abruptly

' contracted to sefg deTl‘caialy puckered tﬁroughout golden— brown wtth dark—red mouth
| _ and many with verygfaint, &k:—red colprat&on.m
%ﬁ@hen old * Iongntudmally plucate and collapsed; exothecial cells

60-126 um ‘ang 12- 2'% »m. wide, in * regular, Iong'tudmal rows, in transverse sed%n

dark—red or orange f

walls slightly and evenly thickened on external surface. 1 m thick, with strong corner
thickenings at junction of outer periclinal and radial-longitudinal walls, 7 ym thick; rim

gells in 1-2 irregular rows, 12-18 um wide, 7-23 um long. walls somewhat evenly

thickened; stomata superficial, restricted to capsule base, 32#58 pm long, 30=46 um

wide. Perigtome absent; narrow rim of whjte tissue at mouth may represent hymenium.

Qperculum 1.5 mm long, plane—convex and rostrate. Apnulus undifferentiated. SQ_QLQS

pal —brown paraisopolar, in /polar view radlally symmetric and c:rcular 28-37 ym, in
equatorial view polarly asymmetric and concave—convex, 28-37um X 23 Fmﬁ., densely.
irregularly gemmate gemmae very small to moderate size (ca 1.0-2.3 ,um) Iow rounded
to elongate and somewhat |rregular with SEM gemmae covered with granular deposmon

.Calyptra (3.3)4.0-=7.0 mm long, cylindric to narrowly- cylindric, distinctly but only 9I|ghtly

contracted to slightly curved or erect rostrum that is (0.9)1.2- 17 mm -dong, cyhnder‘

smooth to faintly puckered, lacerate basally, segments 04 mm Iong ‘= irregularly

trapezoidal, broken off with age, pendent to k4 mcurved calyptra golden to

golden—brown, dark brown distally, with brownish to white. Iaceratrons glosgy opaque )

smooth; in transverse section cylinder with 3 rows of cells w;th veryv&hlck walls,
lacerations with 1 rows of cells, walls very strongly thnckened in superflcnal vuew cells

of lacerate portnon quadrate to oblong. Qb__o_rng_s_qmg numbper N= 14 (Steere 1954},

Habitat Populations of E. glpina are restricted to seepy or Vvery mesic habitats. They
commonly occur intermixed in lush mats of bryophytes that drape dowr over the top of

rock outcrops exposed on steep slopes from the montane zone Qp~,into alpine tundra. In

i

—
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such piaces, the plants of L alpina generally are si{uated close to' the tip of the mat
where the water seepage accumulates. it also characteristically occurs on seepy patches
of exposed soil. particularly in the spray zone or in small rivulets associated with
waterfalls in contrast to ﬂmgm;mgma and such other species of Encalypta as K procera
that also characteristically grow in mesic habitats, £ _alpina is not found on soil along river
banks, in my experience, although it does occur on soil around the margins of lskes.
Limpricht (1890) described E. alpina (as £ commutata) as an "Echtes Hochalpenmoos!".
This characterization is particularly apt when taken in the broader seffbe ‘of having an
affinity for tundra habitats. Encalypta alpina is one of the few species of Enga]m that
occurs as far north as the high arctic in the Canadian Arctic Archipelago. In arctic (egions
populations occur in rhesic sedge meadows. intermixed in characteristically diverse
assemblages of bryophytes. Rather consistent’ associates of E_ alpina include
Blepharostoma trichophylum (L) Dum, Distichium capillaceum (Hedw) BSG. Difcichum
flexicaule (Schwaegr.) Hampe, Ensamm procera Meesia uhmmsa Hedw., qumua dulacea
(Schwaegr.) B.S.G., M. tenerrima (Brid) Lindb., Qrthothecium intricatum (C. J. Hartm) BS.G
and Q strictum Lor. Other more sporadic associates also reflect the mesic nature of the
habitat and these include Arpellia fennica (Gott) Lindb. Campylium stellatum (Hecw.) C.
Jens., Cyrtomnium hymenophyilum B.S.G) Holmen, Distichium mdmamm {(Hedw.) BS.G.
Drepanociadus uncinatus tHedw.) Warnst, Em:a[ypja Eurhynchium pulchelium
(Hedw.) Jenn., Hylocomnium pyrenaicum (Spruce) ngb m;imr_ggn Schimp., H.
[ﬁlo_lulum (Mntt) Lindb., Mansumlla revolyta (Nees) Dum. Mnium  thomsonii Schimp.,

Elagmmla asplenioides (L) Bum. Ihuidium abietinum (Hedw.) BSG Itmrma austriaca
Hedw Tortella tortugsa (Hedw.) Limpr. and Tritomaria mss_e_gmg[mls {Breidl) Loeske.

As is apparent fromh the foregoing lists of associates, populations of ,Ekajgma‘
generally og¢cur where the substrate is relativeiy calcareous L\Impr t.-(1830) and
Martensscm (1956) reported E. alpina to be assosiated wnth calcareous substrates in
central and northern Europe. respectively. However, in western North America,
populations have been found growing on soi'l'“‘with a ra;age of pH from 62-74 (n=36
from 20 different localities) and a mean of 7.0 {s.d=%0.59) (Fig. 300). Similarly, the range
in Ca** and Mg** concentrations is considerable, but thé means are higher than for most

species of Encalyptaceae (Figs. 30 1-302, Table 8). It should-be noted that the lower end

B



habitats, ‘particularly where the substrate is calce
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of the pH range indicates tolerance of sllgl'ltly aCldlC‘ condntlons Engalxp_ta alpina is not

uncommon where the rocks are granite.- Therefo it ls to be sought after in seepy

$: . However, substrate-type is-
E . . N
considered to be a less important factor in determining the occurrence of £ alpina than.is

3
hY

moisture.

Distribution: Engalxp_ta alpina has a circumpolar, montane-arctlc dlstrlbutlon in North

America, most, collections are from the Western Cordlllera with some others known

from wndespread localities in the Canadian Arctic, Greenland and iceland. Along the

Cordlllera _E,_ajmna is reported from Alaskain the Brooks and Alaska Ranges; from the .
Yukon Terrltory from Herschel Island, and the British, Ogilvie, southern Richardson, -
Wernecke and St Ellas Mountains;" from the western Northwest Terrltorles in the
Mackenzne Deita and the Mackenzle Mountains; from Bl’ltlsh Columbia in the Cassiar and
Rogky Mountams ‘Moresby Island ‘and the Bulkley Ranges from Alberta in the Rocky

Mountains; and from what presently appears to be a dlSjuqct locality in the Rocky o

‘ Mountams in Colorado In arctlc and subarctic regions, _E,_a]p_ma has been collected in the
8
,Northwest Terrltques at Coppermlne Bathurst InIet on Pnnce Patrlck Banks Vlctona

‘Seymour Bathurst, Cornwaliis, Ellesmere and Devon Isiands. Kuc (19733) reported it

from Axel Helberg island (mdlcated on Fig. by an open cnrcle because the specnmens have:
not been available to. me for verlfucatlon) Encalmla alpina is also known from the Borden

Penmsula of Baffin Island, and Southhambton Island; in Mamtoba in the Church;lL,area. and

~in Newfoundland in northern Labrador lt is also reported from Greemland on: ge east i @

>

- west and north coasts, and from northeastern iceland (Fig. 121§

Encalypta alpina is not uncommon within - its range, but the populatlons -are
generally not partlcularly abundant. It is restrlcted to montane and arctic habltats and is
one of the few species of Eng_aj_\mm that oceur's in the High Arctic. Although the number
of localities presently known for E. alping in the Canadian Arctic are relatlvely few this

species is probably more-or—less ubiquitou¥ throughout the Arctic Archnp%la_go.

’ Variation:.Engam alpina is a well-defined species that shows little interpopulational

variation in the féatures noted under Diagnosis and'Differentiation. In particular, the leaves
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Figure - 121.. Distribution of Encalypta alpina in North America.
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',v'-'-:;arctic populatlons consnst of plants wnth a well—developed ap
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are consmtently (with the: exceptlon of some arctic populations, see below) narrowly‘
acute with the costa;excurrent in a stout, yellow apiculus However, one population from
the eastern Yukon Terrltory (L-_ig_gtgn _]_5_6_62 ALTA) has muticous leaves w:th a
subpercurrent costa (Fig. 114 - Iower centre). Slmllarly L_e_eLs_La ajmna var. imberbis was
described by Braithwaite on the basus of a specimen from Brijtain with leaves Iackmg an
apiculus. In this specimen, there is some variation and some of the leaves are ‘muticous
'wu& an acute apex while others are muticous wnth a broadly mucronate apex (Fig. 114 =
lower left). | have been unable to find any other discernible differences in the

-eharacter—states of the plants in these anomalous populations. Therefore, | feel that
!

these should presently be regarded as possibly representing either:- a genetic or

developmental aberration or an environmental modlfication and should not be glven any
formal nomenclatural recognmon '

Some arctic populations of L a_lp_na con5|st of very small, stunted plants The
leaves of such plants generally lack an apiculus (Fig. 114 — lower right). In some of these

it appears to have been abraded away; in others it appears not to have developed. Other

concluded that the lack of an aplculus in these arctic p0pulat|ons is an envmonmentalf

modification and not worthy of formal taxonomic recognition.

Phylogenetic Relationships: As with E mutica there is. .no particular species of
Encalypta that £ ajp_ﬂa appears to be closely related to.. However, several features
sndicate. distant connections WIth_E,_QLQ_Qe_a or a species with snmilar characteristics. Dark
ciloration of the long calyptra the rostrum that is only slightly defined and the lacerate
cylinder typify _E,_ Qr_QQ_QLa as well Also, the narrow capsule and dark seta thatis relatively
fong in some populations parallel the conditions |nipmgeca,~Coloratlon_of vegetative
plants is also similar. In E. alpina the leaves are rich green with dark—red tones irnparted
by the basal laminal ‘c':ells and the abaxial surface of the costa. The spores of E. alping are
indistinctly heteropolark with small gemm'ae, while those of E procera are isopolar'and
finely scabrate. _— ‘ o o T |
Specimens E‘xamined:' ALA (‘28), ALTA (270), BM (2}, CANM (25), CO'.LO’(Z), H (2), H-Br

 ‘Ther&fore, | have

lala
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(18), H-Sol (30), NFLD (13), NY (80), S (1), UBC (25).

ENCALYPTA MUTICA Hagen,
Tromso Mus. Aarsh. 21-22(1): 91, pl. 1, fig. 4. 1899,
Figs: 122-133. - o :

Types: "Sondre Trondhjems amt, Opdal, Varstigen 1‘886: Kaur.”, "Strinden, Ladehﬁmmerén
auf Chloritschiefer in Nordlage nur wenige m. Gber dem Fjorde 16/8 1895 mit
theilweise entdeckelten Fruchten: H”, "Nol Saltdalen, Nedre Bergulnesli A]OO m. 2/8

“'1889; F", "Vik; Skjerstéd, an der Nordseite von Nedrevatnet bei ca 100 m.
' Meé(eshbhe auf erdbedeckten Felsen, an'den beiden letzten Stellen mit E_
rhabdocarpa \)ermengt H" (Lectotype: "Encalypta mutica Hag. n sp Sondre
Trondhjems amt, Strrindén Ladehammeren altit. mtr. ca 10-20 16/8 1895 .I_eg. L H
TRH;; Isotypes: J&, O!; Syntypes: O (2 ‘specimens (in part)!, TRH (in ;;art)')' ¢ ‘

Encalypta ciliata Hedw. var. minor Somm, Suppl Fl. Lapp. a6. 1826 Typ €in “boll:bUS'

| arenosis Saltdalen Nordiandiage.” (Holotype: "Encalypta n. sp? ciliata p minor Somf.

galtg i aren. rup. col. 10/18’ 0O—-Sommerfelt (in part)).
‘Lﬁ_e_ﬁlﬁmHILQa(Hag)Mbll Bot Not 1807 142. 1907. _NQ . inval.

J

5

w%' Nomenclatural Notes: Amorfy the spemes of Eng_a_yp;a presently recogmzed in the
"a Noﬁ\ern Hemlspher porthﬁ cﬁ‘ ¥O°N most were described before the middle of the 18th
century. While E: mutica was not deserlbed as a specigs until - 1899 (Hagen 1899)
Sommerfelt had re&;gmzed it as early as 1826 when he described it as £ gu_aja var.

+ minor. The analo.gy tC:.E.w;Iﬂ is an‘apt one, as the shape and-poloration of the calyptra
of _E_m_gm_c_a give it fhg?appearénce of a small form of E. ciliata. Hagen (1899) noted this
similarity and reported that E_mutica can be easily mistaken for E ciliata, partncularly if no .

mature capsules are present Actually, the resemblanée éggs wnthc’:lz%he calyptra as

Tuomikoski {1835) pomted out, and the characteristics of the leaves, WhICh are in every

detail quite different, should be enough to differentiate these two species.

N
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Dlagnosls and Differentlatlon Tuomikoski (1939) aptly described E. mutica as “Dle
kleinste Enga_lxpfa Art des Gebietes!” wuth reference to the Kuusamo area of Finland.
Indeed, it is one of the tiniest specues in the genus. Leaves are only one or two
millimetres long, setae are eight. (rarely 10) mllllmetres long or less and some are only
two mllllmetres ‘capsules are one to two and one-—half millimetres long and calyptrae are
four milii etres or less. It is not uncommon to find plants w1th calyptrae perfect in every
detail, yet only two millimetres long, including the fringe. The shiny calyptra is cylindric to
elliptic—cylindric and abruptly narrowed to the rostrum. At the base of the smooth and
turgici'—looking" to ’faintly puckered cylinder, there is a slight constriction just above a
narrow but generally distinct horizontal or obhque expansnon with a pendent, brownish to
whlte fringe. The fringe segments are narrow and very precisely deflnedﬂ Pelicate
strlatlons give the pale—golden or golden—brown capsules a rather fragile appearance A

very narrow, crimson-red rim borders the gymnostomous mouth. The setae are shmy and

“%ﬁk red to orange. The muticous ﬁdﬁd obtuse leaves are rather loosaly erect and sllghtly

twisted lrregularly glvmg the plants an almost flaccnd appearance. The laminal— type cells
that cover the back of the costa in the upper part and the fact that the costa ends. well
below the apex of the leaf makes the costa somewhat inconspicgrus. In contrast to many
species of Enga_lypta the costa does not protrude pror:\inently on the abaxial surface of
the leaves. Micfoscopically, _E._:m_\mga is defined by the costa:that is ‘papiliose above the
basal cells on the abaxial surface and consists of three or four rows of stereids in

transverse section. The walls of the transitional cells are smooth well above thewasal

cells so that: the basal cells appear very isolated from the paprlloge upper cells. The

' mconsplcuous basal cells are characterized by transverse walls that are pale orange and

fongitudinal walls that are hyalmefpores of E. mutica are indistinctly polar and gemmate.
With SEM the ‘gemmae, which appear more— or—less smooth under the light mlcroscope
prove to be minutely elaborated by an irregular microsculpture glvmg them an appearance
reminiscent of thewflorets of a cauliflower (Horton & Murray 1976). |
'Among the gymnostomous species of Encalypta that might be confused with E.
muti¢a, plants of E_b.r_e_\Lp_Qi are 5|m|larly quite small, but can be readlly dlfferentlated by
the leaves with long, hyaline hair-points and smooth, turgid—looking capsules with a

broad, crimson rim at the mouth. Some older capsulés 'of E alp_ina are virtually



Figures 122-126. Encalypta mutiéa. Scale=1 mm.

Fig.'
, *  Fig.
.. Fg
Fig.
Fig.

Y

122 Habit

123. Ca|yptrae.

1221. Capsules.

125. Vegetative leaves.

126. Perichaetial leaves. " .
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Figures 127-130. Spores of Encalypta mutica.

Figs. 127-128. Distal surface.
Fig. 127. Scéle=10;m.
Fig. 128.- Scale=4 um.

Figs. | 129-130. Proxjms surface.
Fig. 1289. Scale:&:m‘ ‘

Fig. 130. Scale=4 um.
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indistinguishable from those of E_mutica and the spores arg sirnilarly gemmafe with
mmutely irregular gemmae. However, calyptrae of _E,_ a]mna are lacerate at the base, rather
than fringed, and lack the basal constriction and extensnon characteristic of E mutica
Also, the leaves of E._alp_ma are narrowly acute and apiculate with the prominent‘basal
celis defined by dark—orange walls that contrast with the yellowish walls of the
well-defined marginal border Engauma mutica is most apt to be.confused with £
microstoma or E  vulgaris and partlcularly ‘with some forms of E. rhaptcarpa with
muticous leaves and gymnostomous capsules. Encalaypta microstoma can be
dif ferentiated by the yellow coloration of the plants, particularly of the capsules, which is
" quite different from the beige tones that characterize capsules of E_mutica The spor‘es
of E. microstoma always have 5 distinct trilete mark on the proximal surface and are
heteropolar. When lHagen (1899) described E. mutica. he suggested that his species is
closely rela'i to E. yulgaris. but noted that the two species coulc! be differentiated by a
’ group of character—stetes. He stated, quite correctly, that _E,_ mutica differed in the
followmg ways' ». die Blitter sind stumpfer, die R|ppe viel Schwacher, am Rlcken sehr
dicht papillds, viel sinfacher gebaut,..”. In contrast, the costa in E. vulgaris is -very thick and
prominent"’right to the apex of the leaf and is golden—-brown and smooth throughout. In
transverse section, there.‘are many more layers of sfereids. He also noted that the fringed
calyptra of E_mutica differentiates these two species. In me.the calyptra is slightly
irregular to erose at the base. A greater probiem is with the forms of E.rhaptocarpa that
are quite frequently mterm|xed Not only do these converge with E_mutica in the general
structure of the Ieaves and the lack of a peristome, but the &sules are not always
rlbbed and then such plants are almost impossible to dnstmgulsh The only reliable feature
to dlfferentlate such plants is the spores. In. both E. \_/u_ga_J_s and all forms of E.
jﬁQI_Q_Qa_D_a the spores are characterized by prominent verrucae on the distal surface,
which appear hollow under the light—microscope.
C ; # , ’

Description: Plants to 9 mm tall, light—green to olive—-green, brown be{ow, + branched.
Stem in transverse section with central strand undif ferentiated or indistinct, cells smell,'
walls thin. Brood bodies absent. Axillary n,au_r_s sparse. Leaves when dry slilghtly incurved
and slightly twisted, laminae inflexed to eonduplicate; 1.2-2.1 Fm long, 0.5-0.9’ mm
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wide, oblong, selliptic-oblong, obovate‘)toblon . orh Imggiate apex quuck|y narrowed,
muticous; marginsg plane to reflexed or narrovﬁy requrv%(d along 1 margin, few along
both, for short distance from just above basal ”eells C_Qﬂa ends well below apex to
subpercurrent, agaxial surface + keeled, dull to somewhat shiny basnpetally green above
to dark-red basipetally, sparsely papiliose near base, more densely so distally from just
above basal cells, papillae as upper Iamina; papillae, laminal—type cells cover costa in
upper part; in transverse section 2 rows ventral cells, begleiters undif ferentiated. 3-4
rows stereids. Upper laminal cells 9 16(18) ym wide, (8)12-18(22) um fong, walls slightly
and irregularly thickened, with (2)3-5 papillae per cell, each  distinctly "c”-shaped; upper
marginal cells 14- lziltm wide, 7-8(12) um long; mn_sm_qnal cells smooth well above basal

cells on abaxial surface, on adaxial surface smooth farther above; basal laminal cells

25 75 um long, 14-23 um wide, inconspicuous in most, prominent in few transverse

walls pale—orange in most, orange in few, long|tudmal walls yellowish, superficial walls

smooth, entire to irregularly * perforated Gomautoucous Perichaetial Lea_e_s sheath— hke

and broadly ovate to lingulate below, * quickly parrowed to acute.or obtuse apex;

perigonial leaves 0.8 mm long, + sheath—like and broadly ovate to lingulate below, quickly
narrowed to acute apex, few are ligulate and do not sheathe, margins plane; perigonial
paraphyses with upper cells entire, walls smooth or with sparse, very low, rounded

»
:

papillae. ' : S

S_e_tai 2-8(10) mm long, erect to flexuose;“"'SIightIy twisted sinistrorsely below, *
twisted dextrorsely in upper part, shiny and derk—red to orange or blackish; in transverse
section 140-150 ym in diameter. Capsule 1.2-2.5 mm long, when dry cylindric and
delicately striate, very slightly contracted right at mouth, slightly puckered at base and
abruptly contracted to seta, pale—golden to golde?t—brown with very narrovtz, shiny,
crimson-red rim, when young golden—-green with‘ crimson—red rim, when old £ tollapsed
and indistinctly * spirally plicate; gexothecial cells 45-150 um long, 12-32 um wide, in £
reguler, Iongitu?inal rows, in transvevrse section walls slightly and evenly thickened on
external surface, 2.3 pm thick; fm gells in (2)3—4 irregular rows, lower cells slightly
overlap cells in row above, 12-16 ym wide, 7—18(3'5)/,4m long, walls sotnewhat evenly

thlckened dark—orange, uppermost row with-walls thm and hyaline; stomata superficial,

scattered 32— 41 pm’ long 30-37 ,um wnde Eensjgmg absent. Qp_e_mu_um 0.5 mm long,

toaN
Ta N
L ‘e
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plano-convex and rostrate. Qnnulus undifferentiated. Spores dark-brown, paraisopolar,
in polar view radially symmetric and circular, 25-29 um, in equatorial view polarly ’
asymmetric and concave-convex, 25-29 pm X 20 pm, * densely, irregularly gemmats,

‘ Igemmae very small to moderate s|zed {ca. 1.0- 23 pm in dnameter) rounded minutely
irregular with SEM. Calyptra 1.8-4.0 mm, cylindric to elliptic— cyhndrlc very distinctly
contracted to slightly curved or ‘erect rostrum that‘ is (0.5)0.8-1.0 mm long. cyhnder
perfectly smooth and tu’gid" to faiht|y bUckelied slightly constricted at base and narrowly
t* extended hor\ﬁ.ally to obluquely fringed, segments<* regular, narrowly trapezoudal ’

0.2 mm long, *a to pendent to slightly expanded broken off calyptra goiden to-:'

dark—brown ‘ ) with brownlsh to whlte frmge shiny, transluscﬁnt smooth; in
transverse % cylinder wuth 2-3 layers of cells with very thlck walls,. fringe with 1
row of cejl; walls very strpngly thickened; in superficial view fringe cells short to

long—obleng. Chromsome number n=12 (Horton 1978a).
.

Habitat: In North America, most ﬁopulations of E mutica occur in the main ranges of the
Rocky Mountainé; however, a few more-or-iess disjunct populations have been
- collected east of fhe Mountains in bbreal and subarctic regions. In the mountains, £
: mutica is to be found from the lowest elevations in the valleys up into the alpine zor\\e. At
lower elevations in southwestern Albgrta, some populations are associated with rushing
streams where they occur on exposed soil -in more-or-less shaded, mesic habitats, many
‘with a northerly aspect In this general area also, other populatfbns are found in more
exposed habitats, on. soil churned by needle-ice action in roadside ditches or on open,
treeless knolls. Throughout the Mountains, £ mutica characterlstlcally occurs on rock
outcrops on exposed Iedges where sm* piles of soil have accumulated as a result of
slippage. Plants are seldom found in crevices of rock outcrops. In northerly areas of the
Rocky Mountains in British Columbia, the Yukon and Northwest Territories, ant:i Alaska,
populations of E._ mutica also occus on exposed, drier soil of talus slopes. Two of the
collections of £ my_tm from extramontane locéliﬁes, in the Ffa Simpson area of the
« Nor‘thwest Territories and the Ft McMurray area of ‘Alberta, were on rock outcrops
associated with streams or rivers. The third, from the Mackc:-:nzie Delta area, was found

on expy‘/sed soil at the base of an uprooted tree. Therefore, this species appears to have

; .
!

i .
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“\a rather broad range of tolerance with respect to exposure and moisture coMditions.

Such associates as Ditrichum flexicaule (Schwaegr.) Ham:;é: E longicolla, E -procera.

Fissidens arcticus Bryhn and Myurella sibirica (C. Mull) Reim. are indicative of more mesic
habitats, while Bryoerythrophylium racurvirastrum (Hedw) Chen: Bryum wrightii Sull'f Bt
Lesq, E rhaptocarpa. Plagiobryum demissum (Hook) Lindb. P. zierii (Hedw.) Lindb..
Stegonia- latifolia (Schwaegr. @x Schultes) Ven; gz. Broth. var. |atifolia. S latifolia var.
pilifera (Brid) Broth. Tortula mucronifalia Schwa;egr. Tortelia fragilis (Drumm.) Limpr. and
_I..xgﬁugsa (Hedw) Limpr. are generally associsted wuth more exposed, drier habltats

in Scandinavia, £ mutica is restrlcted to montane hab|tats and the frequent

association of Ditrichum flexicaule. Myurella Macaa (Schwaegr) B.S.G. and' Stegonia
latifolia var: pilitera suggest habitat preferences similar to those of the North American

populations. This supposition is borne éut,_at least in part, by Tuomikoski's {1939} report

that E. mutica occurs ".auf Felsen auf nackter Erde. doch nicht in engeren Spalten

o.dgl.auf, wie dies bei mehreren anderen Arten der Fall ist,..". .

The substrate—type is probably of crucial ~irnpcr’tance in deterhining the

occurfence of E mutica (Horton 1879a). In North America, pH of. the soil on which
populations were growing ranged from 7.1 to 7.8 (n=40 from 24 different I'ocalities)
with a mean of 7.4 (s.d.=x0.2) {Fig. 300). Concentratiohs of Ca** and Mg** in the soil‘ are
also high relative to other species of Eng_alyp_ta (Flgs 301-302, Table 9) ‘Hagen (1910}

stated that populatnons of E mutica in Norway are restricted to "..Schiefer— und

Kalkgebnete ., and_when Tupmikoski (1935) reported immm new to leand he nated .

that this populatnon was gro&nng on calcareous rocks. Virtually all of the specnes

commonly assomated with E_ mutica “cited above, reflect this restriction to calcareous

* substrates. Characteristically, the soil on which populations of £ mgg are found
# M . . . ' - N ”

+ ®

growing is mineral with a very low humus content

" Distribution: Encalypta mutica is reported from westerr®North America. .Sv_élbard and

Scandinavia (Fig. 131). in North America, £ mutica is known only from the Western

Cordiliera and a few slightly disjunct localities - just east of the mountains. It is reported

from Alaska in the Brooks Range. from the Yukon Territory in the Ogilvie, southern.
Richardson and Wernecke Mountains; from the western NbrmWQSt Territories in the

N\



Figure 131. Distribution of Encalypta mutica.
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Mackenzie Delta, the Nahanni Range of the Mackenzie Mountains and Whittaker Falls in the
Fort Simpson area; from northcentral British Columbia in the Rocky Mountains; from
Alberta in the Rocky Mountains and a disjunct Iocality in the Fort McMurray area {Fig.
132). In Scandinavia, E. mutica is known from a few localities in Norway, Sweden and
Finland. In Norway, it is reported from Finmark, Nordland and Sér=Trbndelag; in Sweden,
it has been reported from Vastergdtiand (Tuomikoski 1939) (indicated on map with an
open circle); and in Finland, _E_g/mgg_a is reported from Kuusamo {Fig. 133)'.! .Tuomikoski

(1839).reported it also from Lapponia enontekiensis in Finland citiné specimens from
Saana and Toskalharji cellected by Reivainen However, | have been able to trace only one
of these speqmens and this one (Bgiiage_ 24.7. 1935 - H) from Toskalharn is not £
mutica,. but a form of E. map_t_Q_Qa_ga Two further specnmens from the same locality,
i“collected by Roivainen in 1955, are determmed ‘as E. m_ut_r_Qa,‘ but both are sterile
populations of a pottiaceous taxon. Therefore, it appears that the records of E. mutica
from Lapponia enontekiensis are doubtful. | k ’

Nowhere within its range can E. mutica be considered a common species. In North
America,v"‘...E._mmjp_a rarely occurs in extensive tufts, but sporadic populations of a few
- plants are quite frequent when the substrate is distinctly calcareous.” {Horton 1879a). By
comparison to another strict calciphile, £. longicolla, E. [mmga is of more frequent
occurrence in the southern Canadian hocky Mountains in southwestern Alberta, but
farther noth both are found with more—or-less equal frequency n Scandnnavna Hagen
{1910) reported_&msg_ga to be more frequent in the nofthern part:g{dNorway; it appears

to be very rare in Sweden and Finland.

Phylogenetic Relationships: Ma mutica seems quite isolated from other species
of Encalypta with few characteristics'that suggest even a distant relationship with

another species. The paraisopolar spores with minutely irregular gemmae are.most like

- those of _E_a_lgga_ and capsules in some populatlons of E_ muytica are also very similar to

those of_E_alp_na_ Overall the coloration of plants of E. mutica, the rich green Ieaves red

" to blackish seta and pale brown capsule is not unilike that of_E_alpma Otherwise, there is’

Ilttle resemblance between these two species, so the significance of spore and capsule

structure is difficult to assess.



Figure 132. Distribution of Encalypta mutica in North America.
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Figure 133. Distribution of Encalypta mutica in Europe.
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Specimens Examined. ALA (11), ALTA (70), CANM (4), H {12), Priv. Herb. D. G. Horton
(40), JE (2), NY (4), O (7), S (1), TRH (7). ‘
ENCALYPTA AFFINIS Hadwig f.
Beitr. Naturk. 1: 121, pl. 4, figs. 1-6. 1806.
Figs. 30-31,134-156.

Type: "Helvetiae indigenam misit amicissimus Schleicher hanc Encalyptam, quae locum
natalem immixta sibi Jungermannia..” (Lectotype: “"Encalypta affinis Hedw. fil. in Mohr
& Web. Beytr. Z Naturkunde beschrieb.” LAU-Schleicher Y(in part), Isotypes:
LAU-Schleicher (in part)l).

Nomeng
I e 'S

herbarium & y' Jnsist of only _E_gw jich was described earlier by Smith (1805).
' 3 ﬁm“iw :

However, it is clear that the original "ﬂfand illustrations of E. affinis were, at

Jotes: The two potential type specimens of E. affinis in Hedwig's
)

least in part, based upon plants of what is currently known as E. affinis. This taxonomic
concept of E._affinis is well established historically and the epithet affinis has been fairly
consistently applied, particularly recently. It seevms‘ significant that the specimen in
Schieichers (cited by Hedwig (1806) as the collector) herbarium, the label information of
which corresponds to that in HedW|g s herbarium, consists of both E. alpina and the taxon
presently referred to as E_affinis. Therefore, | have concluded that the specimen in
Hedwig's herbarium did, when ‘the description of E. affinis was prepared, contain plants
of this taxon, in addition to the plants ofiahma that remain there presently. | feel that it
is important to maintain cofitinuity between the epithet and the taxenomic conciept that
has been associated with that name, if possible within the rules of the ICBN (Stafley et al.
1978). In consideration oi the circumstances outlined above, | sélected a lectotype for E.
affinis in the collectors herbarium and did not consider the specimens in Hedwig's

herbarium to be part of the type; for further details, see Horton (198 1b).

Diagnosis and Differentiation: The dark—brown tones that characterize the plants. of E.

affinis are one of the most distinctive features of this species. Only the uppermost
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leaves are light—green and even these, in many populations, have dark-—-brown apices, and
the other leaves are characteristically dark-brownish olive-green to dark—brown.
Encalypta affinis is also defined by an opaque, papijllose calyptra with the long rostrum
indistinctly contracted from the long, narrow cyIiﬁden The cylinder is always delicately
puckered and there is generally a slight constriction at the base just above the short,
irregular fringe, the segments of which are }nore—or—less broken off once exposed.
Also characteristic is the long, narrowly cylindric capsule with a more—or—less distinctly
differentiated, short neck. The capsule is pale—golden with a bright-red rim and is
delicately puckered like the calyptra. While the peristome appears to consist of a single
I"ayer of teeth, there are actually two, but thesé are almost completely fused. The
relatively long, linear peristome teeth are a distinctive pink color and densely papillose.
The moderately long seta;is dark-red below and orange to yellowish distally. Leaves are
long and narrowly oblong with the margins narrowly to broadly recurved basipetally from
near or well below the harrowing of the apex. The leaf apex ié either hair—pointed (see E._
affinis subsp. affiniss or muticous (see E,_ affinis subsp. macounii. The green to
dark—brown costa forms a relatively prominent keel and is densely papiliose in the lower
part so that it appears dull under the stereoscope. Overall, from the shape of the
calyptra, caps‘ule and leaves, one is left with an impression of length and narrowness in g
affinis Important microscopic features of £ affinis include the dark—orange transverse
walls of the basal "leaf cells and the'dehse, well-developed papillae restricted to the
abaxial surface of these cells. Also, fhe basal marginal cells are colored orange as the
laminal cells and even more densely papillose on the abaxial surface than the laminal cells.
In transverse section, ltHe costa has a weli-developed band of five or six rows of
stereids. The orange spores are rélatively'small and more-or—iess regularly gemmate, the

gemmae small and clearly defined.

Encalypta affinis might be confused with several closely related species, including
"E. brevicolla, E. ciliata and E._ procera The calyptra of E. brevicolla is virtually

,indistinguishab!é from that of E affinis, except that the rostrum is somewhat more
distinctly. contracted from the cylinder in E. brevicolla Plants of E. brevicolla are more
readily differentiated by the broader capsule that is crimson-red in the upper part, the

white peristome, leaves with plane margins and a long hair—point, and the blackish rather



Figures 134-139. Encalypta affinis. Scale=1 mm

Fig. 134 Calyptrae.
Fig. 135. Capsulss.

Figs. 136-137. £ affinis subsp. macounil

Fi4 136. Vegetative leaves.
Fié. 137. Perichaetial leaves.
Figs. 138-139. E affini§ subsp. affinis
Fig. 138. Vegetative leaves.

Fig. 139. Perichaetial leaves."
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Figures 140-148. Varistion in Spores of Encalypta saffinis.

Figs 140 143 Dtistal surtace
Fig 140 Scale 10 m
Fig 141 Scale-4 m
Fig 142 S_cale‘ 10 m
Fig 143 Scale=-2 m

Figs 144-14% Proximal surface Scale- 10 m






Figures 146-149. Encalypta affinis. \

Figs. 146-148. Variation in Sporl\es {(cont'd).
Figs. 146-147. Proximal Face.

Fig. 146. Scale=10 m
Fig. 147. Scale=4 m.:
Fig. 148. Distal Face. Scale=1
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Figures 150-153. Peristome of Encalypta affinis.
| 'Figs. 150-151. Scale=100 m '
Fig. 152 Outer surface with \‘/ertical division on eéch tooth.
Scale=50 m. | |
Fig. 153. Inner surface -with vertical division at base of each tooth »

Scale=50 m.
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than brown overtones in the coloration of the leaves. Microscopically, E. brevicolla has a
distinct basal marginal border of pale green cells and the walls of the basal cells “are
smooth on both surfaces. In transverse section there are only two to three rows of
_stereids in the cosﬁ and the larger spores are characterized by large, gemmate
protuberances.

Encalypta ciliata can be d.iff‘erentiated from E._affinis by the rich, yellow tones that
characterizé the c‘él?;/ptra, capsule, 'séta and leaves. Structural differences include the
shorter cylinder of the calyptra, which is very distinctly narrowed to the rostrum. At the
base there is a narrow, but distinct, horizontal extension from which the precisely
segmented fringe is pendent. The perfectly smooth capsule is distinctly constricted just
below the mogth and the peristome teeth are lanceolate. Leaves are broader and there is
a prominent costa thét is smooth and shiny. Microécopically,ﬁ_giﬂa_ta, like E _brevicolla, is
character:zed by leaves with a basal marginal border and smooth basal cells; two to three
rows of stereids in the transverse sect|on of the costa; and larger spores- wntr; a distinct
trilete mark on the proximal surface. See Diagnosis and Differentiation under E affinis
subsp. affinis and E_ affinis subsp. mag_o_ua’_i for dlscussmns of the features that '

differentiate E. procera from each of these taxa.

Description: Plants to 30 mm tall, light—green to brownish olive—green to' dark-brown
above in most populations, fewer \»;lith blackish tones, brown below, * branched. Stem in
transverse section with central strand undrfferentiated. Brood bodies absent. Axillary
hairs abundant, in rows of up to 12 filaments joined laterally below, covered by
gelatinous substance, up to 2 mm long, -hyaline, thin—walled, unbranched, attached to leaf
bases and stem. L_Qa__e_s when dry incurved and irregularly * twisted, laminae inflexed to
,conduplicate, apex * cucullate; (2.2)3.5-5.5(6.5) mm long, 0.7-1.0(1.2) mm. wide,
‘narrowly-oblong to oblqng, with slight constriction just above basal., cells- in- most
populations, ’fewer qarrowly—obovate,' apex dark—brown in many populations” except in
Oppermost Iéaves quickly narrowed in most populations, fewer Qradually or abruptiy
narrowed muticous to broadly mucronate’ or apiculate to short hair—pointed; margins

slightly lrregularly and narrowly to broadly recurved from narrowmg of apex or below to

just above basal cells, in very few populations plane or almost so. Costa ends well below
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apex to excurrent, abaxial surface inconspicuously keeled abolve, relétively dull to slightly
shiny above, du|I basipetally, green to dark—brown in virtually all populatnons dlstlnctly
reddish in 1 population, very densely papillose almost from base, papillae very large and
much branched with iong branches, many "o"—shaped, * papiliose distally, papillae Iow awnd
rounded, whe<r_1 costa ends below apex papillose laminal—type cells cover upper part; in
transverse section wnth 2-3 rows of ventral ceIIs begleiters undif ferentiated, 5—6 rows
of stereids. Upper lamma_ cells (9)12-14(16) {um wide, (914~ 16(20),um long, with 2-4
papillae per cell; upper marginal cells 9-12(14) um wide, 8(12) ym long; transitional cells
- . densely papillose to basal cells on abaxial surface, papillae large and much—l:?ranched with
long branches, some "o ”-shaped on’ adaxiali surface smooth somewhat above basal cells;
basal laminal cells 35- 105,um long, 7-18um wide, prgmnnent transverse walls orange,
longitudinal walls hyaline, ‘abaxial walls mostly entire, some irregularly perforated
papillose above to * smooth near leaf base, most papillae associated with transverse
walls, adaxial walls smooth, mcﬁstlyv entire, some irregularly perforated; basal marginal
cells * undifferentiated, strongly papillose aimost to leaf base. Go.niautoicous. Perichaetial
Lé_am slightly Ionger than \/_egetative-lleaves in ;nost planté, narrowly oblong above *
broadly ovate sheath-like Base, apex br.oadly, few narrowly, acute; perigonjal leaves
1.1-1.2 mm long, broadly ovate and sheath-like below, -quickly narrovy'ed to muticous or
apiculate apex; perigonial Qa_LagmLsgs with walls smooth, few with low papillae.

Seta 6-16 mm long, flexuose in Fm'ostu populations to erect, ridged and slightly
twis?d sinistrorsely below, * twisted dextrorsely near capsule, shiny and dark—red
below, orange. pale orange or yellbwish in upper part, dull orange with ége; in transverse
section 160-185 um in diameter below. Capsule ('2.0)2.5—4.0. mm Jong, when dry
narrowly cylindric to cylindric with slight constriction just-below slightly irregular and
oblique mouth, slightly constricted basally, then narrowed to seta through puckered neck,
in some neck is collap§ed and indistinct, most are delicately puckered throQghout,. few |
are perfectly smooth, pale golden with b;{ght—red rim, when young greenish pale—golden
with. bright—-red rim, When old * collapsed and longitudinally striate, dull-orange;
exothecial cells 50-130 um IonQ, 14-35 um wide, in longitudinal rows, in transverse
,secti‘pn walls evenly thickened on external surface, 4_.0—4.5 am thi‘ck; rim cells in 2—-4

irregular rows, 12-20 um wide, 9-28 um long, walls slightly, evenly thickened; stomata
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superficial. 4-8, réstri_cted to capéule base above neck, 44—‘-"‘:6 pm long, 35-37 um wide.
Peristome (0.3)0.4-0.6 mm long, in 2 concentric layers, exostome teeth and endostome
segments aimost completely fused, 16, erect to slightly incurved, lanceolate-linear, some
‘ Iongltudmally fenestrate, pink, exostome outer surface with' 2 vertical rows of cell
‘\ plates densely irregularly papillose, inner ;urface with trabeculae fused to endostome,
endostome * joined basally by very low basal membrane thgt extends to or only slightly
above capsule rim, inner surface m}ith 2 vertical rows of cell plates basally, densely
irregularly papillose; preperistome absent Qperculum narrowly conic and long-rostrate,
2.0-2.2 mm long. Annuiys undifferentiated. Spores orange, paraisopolar, in polar view
radially symmetric and circular, (20)23-25(28) ym, in equatorial view polarty asymme{ric )
and concave—convex, (20)23—25(28),#71 X 16 ym, ;égularly gemmate, gemmae small to
moderately sized, 1.5-2.3 um in diameter, rounded to elongate and somewhat irregular,
exospore surface smooth between gemmae. Calyptra (4.5)5.5-7.0(8.0) mm long~extends
well below capsule, long and cylihdric to ﬁarrowly—cylindric, indistinctly contracted to
slightly curved or erect, long rostrum that is 1.8-24 mm long, cylinder siightly and
distinctly constricted at base in most populations, some lack constriction, some With
slight horizontal or oblique expansion, fringed, segments rather irregularly trape\zoida{l>
0.240.3 mm long, pendent, sligﬁtly incurved to slightly flared, * broken off in mégt,
calyptra goldehy to golden—brown diétally with brownish to white fringe, dull to slightly
shiny, opaque, * strongly papillosé, papillae tend to be iarger and more sharply pointed in
rostrum in most; in'transverse section cylinder with 3 rows of cells with small lumina and
very thick walls; fringe with 1 row of cells, wa’lls exceptionally thickened in 2 layers,
6uter yellowish, inner hyaline; in superficial view fringe cells short- to jong—oblong with
2—4 irregular rows of quadrate cells at juncture with cylinder. Chromosome number

n=13 (Anderson & Crum 1958), (Fig. 154).

Variation: EngalyQ{'ta affinis is a clearly defined species and is relatively uniform
throughout _its range in the character—states described under Diagnosis and
4 Differentiation, except in the stfucture of the leaf apek and the costa. In these featur:e's,
populations can be separated into two gréups, with one characterized by muticous leaves

or a very broadly mucronate apex and a costa ending well below the apex or



Figure 154. Encalypta affinis - Chromosome Number n=13.
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subpercurrent (Figs. 136-137), and the other by apiculate or short hair—pointed leaves
and an excurrent costa (Figs. 138-139). Also, there is a general tendency for populations
with muticous or broadly mucronate leaves to have broadly recurved margins and for
those with apiculate or short hair—pointed leaves to have very narrowly recurved
margins, but these are not consistent correlations. features. Limpricht (1890) described

1

the leaves of E. affinis as "stumpf oder kurz zugespitzt,.”; however, further on in the
\ description, he emphasized that the costa is "..in eine Ihngére oder kurzere Stacheispitze
austretend,..”, so it is poosible that his description of obtuse leaves referred to ones with
the hair—point broken off. Coker (1918) quite clearly was aware of the two different
leaf-types that occur' wi%ﬁ’"Eh affinis. She noted that "The American specimens of this
species seem to have the leaves more often blunt than is usu’al in the European ones...",
but she considered both forms within her concept of E_affinis.
With the advantage of having more specimens from both North America and
Eurasia available to me for study than Coker had, | have found thét these structural
differences between different populations of E_ affinis do not occur randomly. In
western North America, ?populations with the costa ending below the apex occur
throughout the range of this species southward from southern Alaska, the central and
eastern Yukon Territory, and the extreme waest—central Nortriwest Territories. The
populations with an excurrent costa are restricted to northern Alaska, the Yukon and
Northwest Territories énd Greenland. In the central Yukon and Northwest Territories, the
“two forms occlr together at some localities, but as yet | have not found them growing
mtermuxed In Eurasia the distribution patterns are just the reverse. Populations with an
excurrent costa occur throughout mountainous regions of central and northern Europe
and central and northern Asia, and there are only a few, sporadic populatnons_ with
muticous® leaves inf Fennoécandia. Therefore, for the most part, North American
populations of E._ affinis are characterized by muticous leaves and those in Eurasia by
hair—pointed leaves. In conclusion, there is a structural différence between populations of
E. affinis in two character—states (however, thése' might be genetically linked), and this
difference is correlated with geographical isolation of these populations. Therefore, |
feel that these differences ushoulo be given taxonomic recognition at the level of

%

subspecies (see Taxonomic Concepts under Material and Methods).
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ENCALYPTA AFFINIS Hedwig f. subsp. AFFINIS
Figs. 138-139

Encalypta capillata Schkuhr, Deutschl. Krypt Gew. 2(2) 46. 1811. Nom, ilieg. incl spec.
Rrior.

Encalypta pilosa Réhl., Deutschi. Krypt. Fl. ed. 2, 3: 53. 1813. Nom, illeg. incl. spec. prior.
Encalypta apophysata Nees, Hornsch. gt Sturm, Bryol. Germ. 2(1): 48, pl. 15, fig. 5. 1827.
Nom. illeg. incl. spec. prior. |
Encalypta cylindrica Funck gx Nees, Hornsch. gt Sturm, Bryol. Germ. 2(1): 2, pl. 15. fig. 6.
1827. Type: "..Sommer 1825 voﬁ Herrn Eunck im Witschthal in Tyrol.." (Lectotype:
"éncalypta cylindrica Witschthal [illegible] Funk. 1826" B-Brid.; Isotype: FI; Possible

Isotypes: BM=Schimp., S-MbIL).

Encalypta cylindrica Funck ex Brid., Bryol. Univ. Suppl. I 767. 1827. Type: "In Witschthal,
Alpinum Tyroiensium caespitose habitat Clar. Funckius detector communicavit”
(Lectotype: based on same type as E. cylindrica Funck gx Nees, Hornsch. gt Sturm,
B-Brid!). B .

Encalvpta fimbriata Lam. et DC. var. glongata Brid, Bryol. Univ. Suppl. I 767. 1827. Type:
"Prope St. Gertrud in Martell-thal Tyrolis. Funck.” fHolotype: "Encalypta fimbriata var.
elongata Encalypta elongata bei St. Gertrud in Martell (Funck 1826} B-Brid.).

Encalypta elongata Funck ex Brid, Bryol Univ. Suppl. I 767. 1827. Nom. inval. in synon.

M@» ciliata Hedw. var. glongata (Brid) Hub., Musc. Germ. 106. 1833.

Encalypta ciliata Hedw. subsp. gylindrica (Funck gx Nees, Hornsch. et Sturm) Hampe, Flora
20:281. 1837. .

Encalypta apophysata Nees, Hornsch et Sturm var. gylindrica (Funck ex Nees, Hornsch. gt
Sturm) Rabenh., Deutschl. Krypt. Fl. 2(3): 171. 1848. ' '

Leersia affinis (Hedw. £ Lindb., Musc. Scand. 20. 1879. Nom. inval.

Diagnosis and Differentiation: Encalypta affinis subsp. affinis was described from a
specimen collected in Europe, probably in the Swiss Alps. The plants in this specimen
have leaves with an excurrent costa Therefore, E.affinis subsp. affinis is characterized

by vegstative, perichaetial and perigonial leaves that are apiculate to short hair—pointed
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with the costa excurrent There is also a tendency for the margins of the leaves to be
narrowly, rather than broadly, recurved In all other respects this subspecies has the
features of the species as a whole (see Diagnosis and Differentiation, and Description of
E. atfinis) |

Plants of E. procera with sporophytes are particularly difficult to differentiate
from those of E. affinis subsp. affinis, which they resemble in the short hair-pointed
leaves with recurved margins. Encalypta procera can be distinguished by the shorter
rostrum'of the calyptra, the spirally twisted capsules and the long, clearly double
peristome with the two layers of teeth separate in the upper part. The basal cell walls of

the leaves are smooth, and both the longitudinal and transverse walls are dark-orange.

ENCALYPTA AFFINIS Hedwig f. subsp. MACOUNII (Austin) Horton

Comb et Stat. Nov.
‘Figs. 136-137.

Basionym: Encalypta macounii Austin, Bot Gaz. (Crawfordsville) 2. 97. 1877. Type

| "Stewart's Lake Mountains, June. 1875, Macoun" (Lectotype: "Encalypta macouni

St_ewart’s Lake Mé)ur{tains, June 21/75 Macoun” NY-Austin, isotypes: BM, NY (2
specimens)).

Encalypta leiocarpa Kindb. in Mac., Bull. Torrey Bot. ClL 17: 273. 1890. Type: "On.rocks
summit of Mount Queest and other mountainé in the Gold Range, B.C. Alt. 6,506 feet
August 8, 1889 (Lectotype: "Encalypta leiocarpa Kindb. n. sp. N. Amer., Birit
Columbia, Mt. Queest, Gold Range 6500 f. 24/7 89 J. Macoun” S-Kindb.!; Isotypes:
BM-Kindb.!, CANM!, NY (3 specimens)l.

Nomenclatural Notes: Austin {1877) was the first to describe plants of £ affinis with
muticous leaves as E. macounii, based L;pon a specimen coliected by thn Macoun in
British Columbia. Later, Kindberg (1890) also described such plants as E. |eiocarpa
However, it is questionable whether Kindberg really understood the structure of the
blants he was describing in r.elation to other species in the genus fncalypta, as he

differentiated his new species from E. streptocarpa and made no mention of E. affinis. In
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contrast. Austin compared his & macounn to L. affins and correctly ditferentiated it on
the basis of the muticous leaves and the costa ending below the apex although he also
cited other differences that | have been unable to substantiate Considering that Austin
had a good understanding of the relationships of the taxon that he was describing
according to present taxonomic ‘toncepts, | have chosen to designate the subspecies ot
E. affius with muticous leaves as E_ affinis subsp macouni It seems fitting that John
Macoun, who did so much to permanently record the moss flora of western Canada.
should have his name commemorated in a genus of which he coliected many specimens
However, it is perhaps also a little ironic, but very typical, that Macoun's rather
disorganized manner of dealing with specimens led to confusion as to the real identity of
E. macounii _

In the Catalogue of Canadian Plants, Kindberg (In Macoun & Kindberg 1892)
reported that he had received original specimens of £ macounii from Macoun and stated
that Austin's original description was clearly wrong in several critical features Kindberg
concluded that E. macounil is actually very closely related to E._ ciliala Among the
specimens cited under E_macounii in the Catalogue of Canadian Plants is one collected in
the Great Lakes region by Elizabeth Gertrude Britton, which she had determined as £
ciliata Possibly the suggestion that she had misdetermined this collection motivated
Britton and in 1835 she published a rather lengthy review of the conflicting information
on E. macounii. Britton pointed out that she had examined the specimen of E_macounti in
Austin's herbarium and that the original description was quite correct in all except one
minor aspect She also maintained that her deterination of the specimen from eastern
Canada as E, ciliata was equally correct, and questioned the ideniity of another specimen
cited by Macoun and Kindberg (1892) as E. macounii Britton concluded that the so—called
original specimens of E. macounii that Kindber%received from Macoun are not the same
species as that described by Austin. In Kindberg's herbarium‘(S‘!), there is a specimen with
the following information. "Specimen originale! Encalypta macounii Aust Canada J
Macoun 1887 determ. Austin”. Not only is the daté‘ﬁaf collection wrong (the tybe of E_
macounii was coliected in 1875), but the specimen is definitely E. ciliata as are all other
purported specimens of E. macounii in the Kindberg herbarium. Therefore, Britton {1895)

was correct, both in her determination of the specimen of E. ciliata {(CANMI) and in her
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conclusion that Kindberg had not been sent material of the same species that Austin
described as £ macount Other problems that have resultead trom John Macoun s
unrehable collacting and packeting techniques are reported in Godtrey (1977) and Horton

and Schotield (197 7)

Diagnosis and Differentiation. Diagnostic of L affuus subsp macqunu are vegetative
perichaetial and perigonial leaves that are muticous to broaéﬂy mucronate with the costa
ending weli below the apex to subpercurrent The margins ot the leaves tend to be
broadly, rather than narrowly. recurved In all other respects this subspecies has the
characteristics of the species as a whole (see Diagnosis and Differentiation. and
Description of £ affius)

Sterile plants ot £ procera are characterized by muticous leaves Theretore, there

i1s a superficial resemblance to K affins subsp maggunu Encalypta procera is best

differentiated by the basal leaf cells with smooth walls Also. in many populations of £

procera the prominent clusters of dark~brown brood bodies that occur in the leaf axiis

are a distinctive feature that immediately circumscribe this species

Habitat Snow-release time may be an important factor determining the occurrence of £
affims In the montane. through the subalpine into the alpine zone. E  atfinis
characteristically grows in rather protected habitats where snow-melt Is somewhat
delayed Therefore, it 1s more common on slopes or outcrops with a northerly aspect. In
such places. populations grow on soil on the edge of small solifluction terraces or on
ledges of rock outcrops with a variety of associated species including Bartramia
ithyphylla Brid., Blepharostoma trichophyllum (L) Dum. Bryum spp. Cladonia pyxidata (L)
Hoffm. Dicranum scoparium (Hedw.) B.S.G. Ditrichum flexicaule (Schwaegr) Hampe.
Drepanocladus uncinatus (Hedw) Warnst, Eurhynchiym pulchellum (Hedw) Jenn,
Hylocomium splendens {Hedw) BS.G. Isopterygium pulchellum (Hedw.) Jaeg et Sauerb.,
Lophozia barbata (Schmid) Dum. L. lycopodioides (Wallr) Cogn., Mnium thomsonii
Schimp., Myurella julacea (Schwaegr) BSG. M tenerrima (Brid) Lindb, Peltigera
horizontalis (Huds.) Baumg., Pohiia cruda (Hedw) Lindb., Polytrichum juniperinum Hedw.,
Solorina spp. (but not including S. crocea (L) Ach), Timmia austriaca Hedw. Tortelia
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tortuosa (Hedw.) Limpr. and Jortula norvegica (Webh) Wahlenb. ex Lindb. Virtually all of

these. species are chafacteristiéally associated with rather mesic habitats and a number

form luxuriant bryophyte polsters or mats. Other species of Engalxgm are very seldom

found mtermuxed in populations of E. affinis and it is the only spemes ‘that

3

“characteristically occurs in late snow-melt habitats.

Encalypta affinis occurs on both acidic and cdlcareous éubstrata in western North

Amernca Values from 5.9 to 7.3 (n=29 from 11- drfferent localities) w1th the mean just
e

subneutral at 6.7 (s.d=20.5) have been recorded (Fig. 300). The Ca* concentratlons

similarly reflect this tolerance ‘of somewhat acidic condmons (Fig. 301, Table 9)

However, the range in MgQ*I* concentration': is gr'eatér than for any other species of

Encalyptaceae and a significant proportion of thé populations occurred on substrates
with higher concentrations of Mg** than did any other species (Fig. 302, Table 9). The
tolerance of Both acidic and calcareous substrates is reflected in the associates that have
been collected with E. affinis, 'some of which are more characteristic of siliceous

conditions including Bartramia ithyphylla, Lophozia barkata. L. lvcopodioides and Timmia

"austriaca, and others that are generally considered to occur primarily on cajcarebus

substrates including Blepharostoma trichophyllum,  Distichium capjllaceum. Ditrichum -

,ﬁmmwmmwmmm%mmme

Solorina spp. Further studies are needed to investigate the correlation between the

occurrence of E affinis and substrates with high Mg** content

Distribution: The subspecies of E _affinis more—or-less Vcomplement one another in their.

patterﬁs of distribution. Encalypta affinis subsp. affinis predominates in Burasia where it

© . occurs in montane - habitats from the ) Pyrénéesi in France, through the Alps in

R,

Switzerland—Austria-northern Italy, the Caucasus Mountains and in the Lake Baykal region
in Asia. Populations e%tend as‘ far northward as the montane regiorjs of Scéridinavia ‘and
towards the arctic cdast aldng the Léria River in northern Asia. In Eurasia, E._affinis subsp.
macounii appears t‘orbe' restricted to a few Iocalitigs in Scandinavia. In‘contrast, E affinis
subsp. macounii occurs almost throughodt the range of the species in western North
America from southern Alaské, across central and eastern: Yukon Territory to extreme

west—central Northwest Territories, then southward from these northerly localities
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through the Rocky Modntains in BritisH Columbia and Alberta to northern Montana.' There
are also sporadic records through the Coast Ranges in British Columbia to northern
Washington (Fig.‘ 155). In North America, E. affinis subsp. affinis is restricted tvo the
‘Brooks Range in ndrthern Alaska, scalt_tered montane localities throughout the Yukon:
Territor;/., the Selw{l)n Mountains, the Mackenzie Delta and the eastern shore of Great Bear
) Lake in the western Northwest Territories,v and the Rockies in north—central British
Columbia. From these Iocaliti'es in western North America, E. affinis subsp. affinis
presently appears to be disjunct to the west—central and east—central coasts of
- Greenland (Fig. 156) N

Both E. affinis subsp. macounii and E. affinis subsp. g_f_ﬂm_s are restricted to
montane and low arctic habitats in ‘North America. Encalypta affinis subsp. macounii is
more widespfead in North America, but within»their respective: ranges both subspecies
are not uncommon. In particular areas of the mountains in western quth Am_erica, for
%ample, in the Jasper—Banff region of western Alberta; E a_ﬁm!_s subsp. macounii
appears to be of frequent occurrence. Populations of both subspecies characteristically
form luxuriant and rather extensive tufts that are generalW covéred with sporophytes.

The predominance ‘o‘f‘E._ affinis subsp. affinis in Eurasia and of E. affinis subép.
macounii in Nerth America may. be related to the effect of the Pleistocene glaciations. In
western Nort'h America, 'E. affinis subsp. affinis is more—or—less restricted to the
unglacnated areas of Beringia, while E£._affinis subsp. maggun_ is more W|despread farther
south in the mountams of British Columbla and Alberta’ both in areas that were extensively
glaciated and in areas considered to have been ice—free, at least for extended periods of

time during the Pleistocene (Packer & Vitt 1974, Horton 1981al).

Phylogenetic Rellationships: En_c_a_up_ta affinis is somewhr}._lt isolated from all other
species of Encalypta by the unique feature of papillose basal cells. However, other
characteristics suggest a close relationship withE b revicolla and a more distant one with
E. procera As noted above, the calyptra of E._affinis is virtually indistinguishable from that
of E brevicolia, not only i‘n shape and size, but also in color and the occurrenc'e of rather
dense papillae over tﬁe surface. In some populations of E._brevicolla, the capsules have é
more—or—less distinctly defi_néd neck. Both E. affinis and E._brevicolla are characterized

)



Figure 155. Distribution of Encalypta affinis .subsp. macounii in North

America.

—
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by a fused, double peristome of lanceolate—linear teeth, with the “endostome
rﬁore—or—less joined basally by a very low membrane. The seta of E. affinis is variable in
length, but is relatively long in some populations, as is that of E. brevicolla Encalypta
" brevicolla has the seta dark-red throughout, while that of E. affinis is dark-red except
near the capsule where it is paler. Plants of E affinis are invariably characterized by
brown tones, while those of E_brevicolla are generally distinguished by black tones, but
there are occasional populations of E. brevicolla that feature brown rather than black
overtones. The abaxial surface of the cosfa is densely papillose in the area of the basal
and transitional cells in both E._ affinis and E. brevicolla Spores of E affinis and _E_
brevigolla are paraisopolar and gemmate.

The calyptra is papillose in E procera, as it is in £ affinis, and the opercuium is
conic—rostrate in both. The slehder capsules of E _affinijs with a narrow rim are
reminiscent'of those of E. procera Not qnly is the peristome of E. progera double, like
that of L. a_f_ﬁmﬁ but the teeth and segniénts are fused for two-thirds on their length.
This is in contrast to .the condition in E. streptocarpa where the teetl{ and segments aré
more—or—less unfused. The seta is dark-red in £ p;g_c;g_@, and the calyptra, seta and
\ leaves ‘are characteristically long, as are those of E._ affinis. In both £ procera and E_
affinis the abaxial surfacevofl the costa is strongiy papiliose. The spores of £ procera are -
relatively small, like those of E. affinis. p o
Specimens Examined: Encalypta aﬁfi_ru’_é)subsp. af_f__um_s ALA (5), ALTA (50), BM (1), CANM
(10), FI (1), Priv. Herb. D. G. Horton (25),. IRK (1), NY (20), O (30), S (40), UBC (7). Encalypta
affinis subsp. macouniic ALA (1), ALTA (120), B‘M {2), CANM\H(‘:")O), H (5), Priv. Herb. D. G.
Horton (25), NY (20), O (2), S (4, UBC (25).
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ENCALYPTA BREVICOLLA (Bruch, Schimper st Glimbel) Bruch ex Aongstroem,
Nova Acta Regiae Soc. Sci. Upsal. 12: 362. 1844.
Figs. 10-11, 28, 37, 49, 59-60, 157-175.

Basionym: Encalypta longicolla Bruch var. brevicolla Bruch, Schimper et :GUmbel, Bryol.
-+ Bur. 3 28, pI‘. 5, figs. B1-4, B13, B19. 1838 (Fasc. 4 Mon. 12.5). Type: "dehinc
nusquam reperta, nisi in alpibus brope Kongsvoid No'rwegige, ubi amicus Kurr
varietatum B, detexit” (Holdtype: "Encalypta brevicolla aus Nofwagen unter E
rhabdocarpa gewachsen Kurr. 1828." BM-Schimp.)).

Encalypta subbrevicolla Kindb., Eur. N. Am. Bryin. 2. 295. 1897. Type: "Amer r. Can.
northern Labrador: Macoun 1896." (Holotype: “Encalypta subbrevicolla Kindb. n. sp.
Amer. N. Labrador J. Macoun 3/8 96" S—Kindb.; lsotype: NY).

Enga]ypja]ahr_ademdb Eur. N. Am. Bryun 2: 295. 1897. Type:. "Amer. r. Can. northern
Labrador: Macoun 1896." (Lectotype "Encalypta labradorica Kindb. n. sp. N. Labrador
Macoun 30/8 96" S-Kindb.; Isotypes: NY!, S—=MaIiJ).

Leersia brevicolla (BS.G) Lindb., Musc. Scand. 20. 1879. Nom. Inval

'Nomenclatura'l Notes: (1) A number of early collections of E._brevicolla in Sommerfelt's
- herbarium bear the manuscript name E. leucostoma The§e beautiful specimens were
célledte’d as early as 1816 and 1817, and one of these r’narked "an nova species” has
careful notations of features thaft distinguish these plants, quite correctly fromﬁ_g_iﬂajg
and E affinis, the two species that | consider E brevicolla most likely to be confused
V wi'th. Apparéntly Sommerfelt never did publish his name because Bruch’sLhmii_Q_qlla is
written above leucostoma, presumably at a later date.

(2) The specimen of _E_ subbrevicolla in Kmdbergs herbarium is desngnated the
holotype because it is the only ‘one of this taxon in S. The specimen in NY was probably -
sent to E. G. Britton by Macoun and in all likelihood Kindberg never saw it. In contrast,

there are two specimens of E. labradorica in S, so a lectotype has been selected.

Diagnosis and Differentiatio:: haps the most disfinctive feature of E. previcolla is

the short, white and densely papil: «ne. Although there are two layers these are
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fused giving the appearance of a single row of teeth‘. This species is also characterized

by a papillose, opaque and slightly puckered calyptra with a Icangl, rather distinctly defined

rostrum and long cylinder. The cylinder is slightly tapered basipetally and then ultimately is

slightly, ‘but disfinct!y, constricted just above a short, pendent fringe, which is generally

rather ragged—looking because the segments are irregular and many are more—or-less

broken off. The perfectly smooth and turgid-looking capsu]es are narrowly gylindric to
_cylindric with a slightly expanded mouth. Coloration of the upper part of the capsule is a
distinctive, irridescent crimson-red. fhe seta isndark—red throughout. In most populations,

the apices of the green leaves are blackened and some of the lower leaves are not
infrequently blackened‘throughout, which gives an overall scorched appearance to the

relatively large plants. Microscopic features of the leaves of £ brevicolla include the

distinctly differentiated basal laminal cells with dark—-orange transverse and yellow

longitudinal walls that contrast with the broad. marginal border of gree[\ish cells. The

* abaxial surface of the transitional cells is densely papillose with enlarged papillae that
extend to the basal cells. In the area of the transitional celis the costa is similarly
. papillose, but it |s more-or-less smooth distally. There are one to two rows of stereids
in a transverse section of the costa. The brown spores are paraisopolar and the surface

is more—or—|e~ss covered by rather large, but somewhaf fiattened, gemmae. .
Encalypta brevicolla might most readily be confused with E._ciliata, with which it
'quite frequently occurs in mixed collections, or with £ affinis Encalypta ciliata is -

differentiated by a smooth, transluscent calyptra with a more distinctly defined rostrum
and a shorter cylinder. At the base of the cylinder there is a distinct, narrow horizontal
extension from which a p'reciselyv segmented fringe is pendent or flaring. Capsules of E.
ciliata are similal_'ly short and ‘broad as they‘are in E_previcolla, but there is a distinct
constriction below the mouth of the capsQIe and colorvation is typically ygllow or orange.
The peristome of E. gLn_a_‘@ is quite different from that of E. brevicolla, both in the
dark—orange coloration and the grimmioid s'hape of the teeth Also,‘ the peristome
consists of a single layer o.f teeth. The seta is yellow to’ orange with just a tinge of
bright—red at the base of the capsule.’ Leaves are mucronate with t'he.margins always
na'rrowly recurved basipétally from the mid—portion and the prominent, shiny and smooth

costa is distinctively yellow to golden—brown in color. The yellow tones that characterize



Figures 157-160. Encalypta brevicolla. Scale=1 mm.

- Fig. -157. Calyptrae.
Fig. 158. Capsules.
Fig. 159. Vegetative leaves.

Fig. 160. Perichaetial leaves.
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Figures 167-172. Encaypta brevicolla.
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: »
plants of E ciliata contrast with the true—green and black coloration in the vegetative

plants and the deep red coloration of the sporophyte of E. brevicolla On the basis of
microscopic features of the leaves, _E_ b_Le_uQQ_la and L ciligta -are vnrtually

indistinguish‘able; exce'pit that the abaxial surface of the costa is smooth or only slightly

papillose in"E. ciliata and the coloration of the basal cells is not as dark because the

longitudinal walls are hyaline. The spores of E ciliata can be differentiated by the very
distinct triradiate mark and numerous radial plicae characteristic of the proximal surface.
While the ornamentation of the distal surface is variable, the gemmae characteristic of £

_obrevicolla do not occur.

The calyptra of E. affinis is virtually identical to that of E. brevicolla in all respects,

except that in E. affinis the cylinder is slightly ionger and the rostrum is not quite so
distinctly defined. Encalypta affinis can be differentiated by the narrower and longer,

delicately striate, capsules th ‘e pale—golden with a very narrow, red rim. Also, the
peristome teeth are consistelt ly pink in coloration (only.'very rare populations of _E_
) hu;mc_o_l_[a have teeth that are a very pale peach color), but are otherwrse rather similar in

shape, except that those of E_ affinis are longer than ‘those of E. brevicolla The

- &oloration of the seta of E. affinis is very similar, except that it is characteristically

orange or yéilowisn in the upper part Coloration of the vegetative plants is a fairly
reliable differentiating feature. The Ieaves of _E_a_f_f_lm_s are aark—green with the apicevs and
lower |eaves dark—brown; very seldom are there the biackish overtones that are
characteristic of E. brevicolla. The characteristic most reliable for distmgunshing_E_aiﬁ_ms
from K. brevicolla is Ihe strongly papillose walls of the basal laminal and, particularly, the
basal mtasF;ginal cells. Other useful microscopic features include the lack of differentiation
_ of a basal marginal leaf.border and the transverse section of the costa with five to six
rows of sterelds The gemmae that characterize spores of E. affinis are smaller than
those obe__ey_g_Q_la
Vegetative plants of E rhaptocarpa and of E. brevipes are quite similar to and
often grow' intermixed ‘with those of E. brevicolla However, the rostrum of ihe calyptra
of _E rhaptocarpa is generally shorter than that of E. brevicolia and there is no
constriction at the base of the cylinder, which is eithér entire or erose, but not fringed.

(The calyptra of E. vittiana is fringed, but this taxon can be separated by the same

o
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features as E.rhaptocarpa as foliows) The,cépsﬁle of»im_ap;ggacga is différentiated by
the perminent, longitudinal, red ribs, and the single periétome consists of teeth that are
lanceolate and dark—orang;é. Forms of E. Vmap_tg_c_ama with a more—or—less white
peristpmé ahd capsules that lack. prominent red ribs are particularly dif ficult to distinguish.
from _E_b_c_e_\uggua However, the shape of the peristome with 6nly one vertical row of
cell plates on the outer surface of each "tooth and the Iong‘_itudinall‘y plicate capsules are
features that should differentiate these taxa. The most obvious features that differentiate
E_ brevipes frém_ﬁ_hn;e_m’g_o_ﬂa are the exceptionally short rqstrum of the calyptra, the lack
of a peristome and thé very short seta. In mixed collections, the setae of £ _brevipes are

always shorter than those of E._brevicolla

-Description: Plants to 25 mm tall, light-green to dark-green and blackened above in

* most populations, fewer green to olive-green and dark—brown, brown below; *

branched. Stem in transverse section with central strand absent Brood hodies absent.
Axillary na[s sparse. Leaves when dry irrégularly + twisted and incurved above, Iamiqae +
undulate and inflekeq to conduplicate; 2.0-6.0 mm long, 1.0—-1.8 mm wide, obiong, ‘some
with slight constriction in the mid—portion, to obovate, apex blackened‘ -in many
'populati_ons,' dark—brown in very few, * abrupﬂy narrowed tolhyaline hair—point that is 2
mm .Iong and * c'u.cullate; ma;gms plane _in virtually all populations, in 1 or 2 populations 1
margin very narrowly and Shor{ly recurved in the mid—-portion of very few leaves.-Costa
excurrent, abaxial surface inconspicuously keeled above, somewhat shiny in ';He upper
part’and dull below, green to brownish in older leaves, smooth basally, then strongly >and
densély papillose in region of transitional cells, less strongly so distally; in transverse
secfion'with 2-3 rows ventral cells, begleiters undifferentiated, 1-2 rows of stereids.

Upper laminal cells 12-18 um wide, 12—20(25),um long, with 2-4 papillae per cell, each %

"o

yg'_istin'ctly ¢"~shaped; upper marginal cells 12-16 ym wide, (8)12-14 ym long; transitional

Qe_lls densely papillose to basal cells on abaxial surface, papillae large and much—branched
with long branches, some ”o"—.shaped, on adaxial surface smooth well above basal cells;
basal |aminal gells m long, 14-23 /urﬁ wide, ‘prominent, transverse walls dark?orange,
strongly thickened particularly at corners and smooth, Iongiﬁjdihal_' walls yellow, tﬁin and

smooth, sUperficiaI walls smooth, entire to irregularly + berforated; basal marginal cells
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distinctly differentiated in 8-12 rows. Goniautoicous. Perichaetial leaves obiong above *

sheath-like base,. abruptiy to quickly narrowed to hair—point; perigonial leaves 0.8-15
mm long, broad and sheath-like below, apex acuminate and mucronate to cuspidate;
perigonial paraphyses with walls smooth, or with sparse low papillae on upper_ 1 or 2
cells.

Seta 25-17.0 mm long, flexuose to erect, slighﬂy twisted sinistrorsely below, +

strongly twisted dextrorsely just below capsule, shiny and dark—red in most populations

to orange, dull-orange when older; in transverse section 135~210 um in diameter.
Capsule 1.1-3.5 mm long, when dry narrowly—cylindric to cylindric below * expanded
mouth, some with vslight constriction just Below n‘10uth‘; mouth siightly oblique”’in many
populations, capsules * tapered 'basipetally and quickly to abruptly contracted. to seta
thr'ough short neck, some with strong constriction just above neck, smqoth and .t turgid,
golden—brown below and irridescent crimson-red in the upper part with color
progressively darker to crimson-red rim, young capsules delicately and slightly obliquely

striate, greenish with red rim, when old * collapsed, some * spirally striate and twisted,

" some with short, longitudinal splits from mouth, rust-colored; gxotheciat,cells 45160

Mm long, 16—-27 um wide, in longitudinal rows, in transverse section walls evenly
thickened on external ‘surface 45-5.0 m thick; rim gcells in 4~6 * regular, longitudinal
rows, 12-28um wnde 6- 23,44m Iong walls sfightly thlckened stomata superficial, 4-8,

scattered or t’ restricted to capsule base 38-41 um long, 23— 32/4m wide. Peristome

0.2-0.3 mrﬁ long, in 2 concentric layers, exostome teeth and endostome segments
fus , + erect to inﬂexéd or slightly reflexed, linear—lanceolate, some * longitudinally
split, wI;;'ite,» pale peach—colored in very few pOpqlations, exostome outer surface with 2
vertical rows of 'c;ell plates, dansely irregular|y/bapi||ose, smooth in 1 population, inner

surface with trabeculae fused to endostome, endostome * joined basally by very low

- membrane that extends to or only slightly above capsule rim, inner surface with 2 vertical

rows of celis plates baéally, densely irregularly' papillose, smooth in 1. population.
ng Qulu plane—convex and rostrate, 2.0~ 22 mm long. An gglgg undif ferentiated.
ﬁp_o_g_s brown paralsopolar to heteropolar, in polar view radially symmetric and circular

to slightly triangular, 30-42 um, in equatorlal view polarly asymmetric and

~ concave—convex, 30~42/Am X 23 pm, proximal surface with indistinct triradiate mark on

\
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some, * densely gemmate tc verrucats, gemmae or verrucae 2.8~3.2 ym in ‘diameter,
surface * irregular and minutely granular between protuberances; distal surface * densely
gemmate to verrucate, gemmae 3.5-6.0 ;&n in diameter, proximal gemmae appear more
detached than those on distal surface. lexp_ma (3 2)4.Z-8.0 mm, extends well below
capsule, long—cylindric and distinctly contracted, indistinctly in 1 population, to slightly
curved or erect, long rostrum that is (1.2)1.6-2.2 mm long, cylinder tapered slightly
basipetally in maﬁy populations, and.slightly distinctly ::onstricted at base, some with
sllght horizontal or obllque expans:on fringed, segments g regularly narrow—trapezoxdal
0.3 mm long, pendent to incurved to slightly flared, + broken off, calyptra golden—brown
"to dark—-brown distally with a browmsh to whltnsh»frqnge, dull to someWha{ shiny, opaque
in most populations, transluscent in few, * strongly papillose, papillae longest and
sharpest on rostrum and neck, lower and rounded '6n cylinder; in transverse section
cylinder with 2;3(4) layers of cells with small lumina and very thick walls; fringe with 1
row of cells, walls exceptionally thickened in 2 layers, outermost yellowish, inner hyaline;
in superficial view fringe cells sHort— to_Iong-robIbng with 2—3 rows of quadrate cells at

juncture with cylinder. Chromosome number unrepbrted.

Habitat: Populations of E_brevicolla occur in montane and tundra habitats in relatively
exposed, wir_\dswept and therefore probably quite xeric sites. However, the microhabitat
is generally protected, in some instances by surrounding vascular plant végetation and in
others by ismall solifluction overhangs: therefore, it is probably somewhat more mesic
than the surrounding macrohabitat. Also, E. brevicolla very seldom occurs 6n the top of
exposed knolls where the snow is swept free by wind in winter. In contrast, E
mgmcp_a, ‘with which E._ brevicoila quite co‘rqmonly is intermixed, does grow in such
habitats and is apparently tolerant of greater exposure and more xefip conditiohs than E.
brevicolla. Encalypta b.rgviggllg.also occurs oh rock outcrops, in crevices and on ledges,
‘wedged among stones .or roots of vascular plants. In this habitat, it gccurs at elevations
well below treellne

Undoubtedly one of the most lmportant factors governmg the occurrence of E.
brevicolla at different sites wuthm its range is the nature of the substrate. Both

Mértensson (1956) and Nyholm (1954) reported E. brevicolla to occur in calcqreous
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hébitats. Liké_‘vivﬁis";e; Er;rr_rrw”\aéiéaié‘i’f‘ﬁotethhat it is characteristic of calcareous
substratés in North. America. In contrast, Brotherus (1924) reported E. brevicolla to occur
- in association with “...kalkakmer Felsarten.”. Analyses of soil samples collected in western
North America indicate a relatively r_markovs) raﬁge of tolerance. The pH varied from
5.0-6.0 (n=37 from 20 different localities) with a mean of 5.4 (s.d.,=t.48) (Fig. 300), and
Ca an’d-Mg"' concéntratiéns are correspondingly low (Figé. 301-302, Table 9). The
exclusive assbéation of E._brevicolla with rather acidic substrates is refleéted in many of
the species that are sporadically associated with it, 55 these are also generally considered
to be indicative of subneutral to distinctly ac;idic conditions. These include Aggtudj_um
lapponicum (Hedw.) Schimp., Anas_zmp_hluum minutum (Schreb) Schust, Bartramia
ithyphylla Brid., Cnestrum schisti (Wahlenb) Hag., Cynodontium tenelum (B.S.G) Limpr.,
anum brevifolium (Lindb) Lindb., Encalvpta brevipes, E. ciliata. E. rhaptocarpa. Hedwigia
ciligta (Hedw.) P.—Beauv., Paraleucobryum gnerve (Thed. ex C.. J. Hartm) Loeske,
Pogonatum alpinum (Hedw.) Roehl, Polytrichum piliferum Hedw., Bhag_gmlmm canescens
(Hedw.) Brid., RB. heterostichum (Hedw.) Brid., B. lanuginosum (Hedw.) Brid., Saelania
glaucescens (Hedw, Bomanss. et Broth, and Tritomaria quinguedentata (Huds.) Buch. The
fact that 'many. bf these same associates occur with E. brevicolla in northern Europe leads
me to believe that the occurrence of this species is similarly limited by substrate-type

there.

Distribution. Encalypta brevicolla has a circumpolar distribution in alpihe, subarctic and
arctic regions, with a few localities disjunct farther south (Fig.' 173). In North America, the
records of E. brevicolla are concentrated along the western Cordillera. It is repbrted
from Alaska in the Brooks Range, the Fairbanks area, and the Alaska Range, and the
Chugach and Kenai Mountains; from the Yukon Territory in the British Mountains, the
Ogiivie, southern Richarc_i.son ana Wernecke Mountains, andAalong the eastern border in -
the Selwyn Mountains; from qthe western Northwest Territories in th% Mackenzie
Mountains; from northernm British Columbia in the Coast Mountains and the Rocky
Mountains, and the Columbia Mouqtéins farther south ; and from Alberta in the Rocky
Mountains. The Io.cality in the Coast Range of southern‘Ofegon is disjunct. East of the

Rockies, E brevicolla-is reported from a number of widespread localities including the

/ ' ' v



Figure 173. Distribution of Encalypta brevicolla.
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“ Mackenzie ‘Delta and the eastern sHore' of Great Bear Lake in the western Northwest
Territories; northwestern Manitoba; the eastern shore of Hudson Bay and the Fort Chimo
area of Ung;'va Bay in northern Quebec; and several localities in Labrador (Fig. 174). In the
Canadi Archipelago, E£._brevicolla is known from the Pahgnirtung area of Baffin island, the
Truelove LOv;/Iand on Devon island and we§tefn Axel Heiberg lsland (Kuc (1973a) -
indicated on Fig. 174 by an open circle because specimens that were requested have not

| been made a\)ailable to Vme). In Greenland, it is known from localities along the east and
west coasts in the central and southern parts of the Island (Crum (1960-61) - indicated
on Fig. 174>by open circles because specirﬁens requested from C have not been made
available to me). ' .

v .In Eurasia, popula';ions of E. brevicolia appear to be concentrated in Scandinavia.
The species is reported from Norway from a single locality in Troms and one in Finmark,

-as well as numerou§ continental and a few scattered coastal localities in the south and
central parts of the country as far north as Snasa; from Sweden from Lule Lappmark,
Jémtiand and the Uppsala area; from Finland from most interior ' provinces including
Lapponia enontekiensis, Lappbnia inarensis, Lapponia kemensis, Ostr;obottnia borealis,
Kuusamo, Ostrobottnia kéjanensis, Tavastia bbrealis, Savonia borealis, Karelia borealis, -
Tavastig, australis, Savonia australis, as well as coastal stations in Satakunta and Regio
aboénsis; from Karelian AS.SR. from the forher Finnish province.s of Karelia ladogensis
and Labponia ponojensis (Brotherus 1824) (Fig. 175). Engilym brevicolla has> been
recently recorded from Svalbard (Fl’i‘S\\/O.“ 1978} (Fig. 173) énd frorﬁ the British Isles in

~Scotlanq I(Horton 1986) (Fig. 175). However, this latter »Iocality is based upon a single
spécimeh collected in 1871 and, to m&: knowledge, no other specimens from Great
Britain exist. Encalypta brevicolla is reportéd from a disjunct locality in the Ural Mountains
and from near the mouth of the Lena River ( Fig. 173). ' -

Variation: The disjunct Oregon population of E. previcolla (Wagner 1921 ALTA) is quite
'strikinély differentiated from all other Northern Hemisphere populations in two respects.
The peri‘storﬁe teeth are perfectly smooth (Fig: 172} and the rostrum pf the cal‘yptra 1S
ill-defined as it is only very gradually r)arrowed from the cylinder, which is much-lo'nger

than is characteristic for this species (Fig. 157 - right). | hesitate to give any

»
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Figure 174. Distribution of Encalypta brevicolla in North America.
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Figure 175, Distribution of Encalypta brevicolla in Europe.
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nomenclatural rec these differences at the present time when they have been found to

. occur in a single population and may merely represant phenotypic responses to some

extreme environmental condition. It i1s noteworthy that lation of E brevipgs from
northern Oregon that is similarly disjunct is also slgrtly differentiated from other

populations of that species {see discussion of Variation under £ _previpes)

Phylogenetic Relationships: Encalypta brevicolla appears to be most closely related to
E. affinis (see-discussion of Phy‘ogenetic Relationships of E affinis). £ brevipes and £
ciliata It is primarily on the basis of vegetative similarities that a relationship between £
brevicolla and E, brevipes is suggested. However, £ previpes. like E brevicolla has an
opaqUe calyptra with the base of the cylinder somewhat constricted and fringed, and the
capsule is smooth and turgid. The vegetative plants of £ _brevipes differ but little from
those of E. brevicolla There are the same blackish overtones, the leaves are virtually
_ identical in shape and are similarly hair—pointed with plane margins. Also, there is a
weli—-defined basal margi_nal border.

In contrast, thé&;eatures that link E._ ciliata and E. brevicolla are almost all
associated vﬁth the sporophyte. As in E hbrevicolla the calyptrae of E. ciliata are
longsfostrate and fringed, and the smooth capsules are relatively short and broad.
VegZ:ative features of E ciliata that suggest a relé’fionsﬁip with E_ brevicolla include the /
well-defined basal laminal cells. w?th orange walls and the broad marginal )borde‘r of
greeﬁish cells. .

%

Specimens Examined:. ALA (20), ALTA (80), BM (25), 8@1 1), CANM (20), E (3), Priv.

Herb. J.—P..Frahm (1), G (7), H (75), H—=Sol (16), Priv. Herb. D. G. Horton {40), HSC (7), IRK
(1), M (12), MICH (9), NFLD (4), NY (18}, O (85), PC (12}, S (12), TRH (6), UBC (8). ‘

o

il
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' ENCALYPTA BREVIPES Schijakov, »
0 , Bot Mater. Otd. Sporov Rast Bot. Inst Komarova
| Akad. Nauk SSSR 7: 227 plL 1. 1951
Figs. 52, 176— 1A89.

Type "Sovral 8 Vil 1948 R N. Schl;akov ! (Holotype LE —~ loan requested but not

rec@wed) » _ . o : ~

- »

.

Diagqosis and Differentiation: Encalypta hmmp_e_s is characterized by a calyptra with an
exceptiortally shkort rostrum. The combination ‘of this fe‘ature‘ and leaves with long, hyaline
hair—points is so distinctive that plants with emergent calyptrae, but lacking mature
sporophytes can scarcely be mnstaken for any other -species of Encalypta Other
charac‘:ternstrcs of the calyptra inciude the shghtly puckered cylmder with a sllght |rregular
constriction and/or more—or—less oblique expansion at the base. and a pendent fririge.
~Ho‘yvever ‘the fringe is more—or—iess broken off in many populations‘onoe it is exposed. k
There is never any 'suggestion of a peristome and the mouth of the capsule is bordered
: by a broad crimson-red "cuff” of exceptionally thick—walled ceIIs The seta is so short
that the capsule almost appears emergent rather than exserted. Margms of the leaves are
plane and the halr points are relatively stout, partlcularly at the point of Juncture with the
leaf apex. The vegetative portions of the plants are generally light— to dark green with
. the aplces of the leaves and some of the | Iower leaves more— or— Iess blackened in many
populations. Mrcroscoplcally £ h[eﬂp_e_s is defined. by - Ieaves with the "costa
more=~or— Iess smooth on the abaxial surface and a relatively small group of basal ceﬂs
with the transverse walls pale and yellowish and the Iongltudmal walls’ hyalme..Thrs lack of |
.‘dark coloration in the basal cells gnakes them rather mconsplcuous There is a broad
margmal border of greenish cells that extends to the base of the leaves. The paplllae on -
the transxtlonal cells do not reach the basal cells on either surface Spores are
dark - brown and paralsopolar with a verrucose—retlculate surface

N Encalypta b_[e_wgg_s is very snmllar to ngeym_o_ﬂa in some structura} %atures and

to E. g_ha:a in, others Furthermore both the latter specres qu»te commonly occur

mtermlxed in populatlons of E b_r_e_\_ap_gs Engaj_yp_ta gmm is "differentiated by a

. . . .
B .
i
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Figures 176-181. Encalypta brevipes. Scale=1 mm.

- Fig.
Fig,
Fig.-
Fig.
Fig.
Fig.

176.
177.
178.
179.
180.
181.

Habit.
Calyptrae.

Capsules.

Vegetative leaves.
Vegetative leaf from Oregon pépulation.

Perichaetial " leaves.
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Figures 182-187. Encalypta brevipes Spores.

Figs. 182—-183. Distal surface.
Fig. 182.. Scale=20 pm. ‘
'Fig.m183. Scale=10 ym.
Fig. 184. Tetrad Scale=20 ym.
Figs. 185—188:1P;d§si;f\al surface. Scale=20um.
Fig. 187. Proximal surface, Scale=10um
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long—rostrate calyptra with a distinct, horizontal Textension from which the precisely
segmented fringe ié pendent or flaring. Straw-yellow tones in the capsule and seta are
characteristic. However, the shape of the caps-u'le is very similar to that of E. brevipes and
this likeness is exemplified 'A when the peristome teeth are bréken off, as is quite
frequently the situation in populations of E_ciliata Also, older capsules of E. ciliata are
orange and then very similar to ihosé of E. brevipes ParticUIarly reliable for
differentiating E. ciliata are the invariably mucronate leaves with the margins narrowly
recurved basipetally from the mid—portion. Microscopically. the basal cells of the leaves
in E ciliata are much ‘more prominent wifh‘dark—orange transverse and longitudinal walls,
-and the rharginal border is not quite as wide as that of E brevipes Also, the pépillée on
the»iabaxia! surface of the transitional cells extend to the basal cells. Spbrg—:‘s of E. ciliata
are best differentiated by the distinct trilete mark on the proximal surfacé. Sculpture of
the distal surface is variable and in some populations a verrucpse reticulum that is similar
to that which occurs in _E_b_r_w_lp_e_s has been observed V x

Most of The features that dlfferentlate E ch_y_m_qﬂa from E bj:gmp_e_s are
sporophytic. in E_brevicolla the rostrum of the calyptra is Ionger, as is the calyptra itself.
Similérly, the seta is longer. The vegetative piants of E. brevicolla and of_E._b_;gyjp_egI are
very similar. However, in £ brevicolla tﬁe hair—point of the leaves ish narrower at the
juncture with the leaf apex than it is in_&b[_ey_ipgs, and the costa is papillose in the region
of the transitional cells. The;'e.are rather subtle differences in the colorétion of capsules
’ of E: brevicolla that differentiate them from those of _&m The crimson—red at. the
‘mouth of capsules of E. brevicolla grades basipetally into the golden—brown color of the
Iower portlon of the capsule, whereas in _F_ brevipes ‘the red "cuff" at the mouth is
generally very abruptly defined from the golden color of the rest of the’ capsule.
.Mlcroscoplcally, the basal 'leaf cells of E. brevicolla are more clearly defined with the

transverse walls dark-orange and the longitudinal walls yellow. The basal marginal border

is somewhat narrower than that in E. brevipes and the papillae on the abaxial surface of
the transitional cells extend down to the basal cells. Spores of E._ hrevicolla are quite

dif ferent with the exospore elaborated by relatively large, rounded gemmae or verrucae.

Description: Plants to 13 mm tall, light-green to dark—green and * blackened above in
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most populations, some green to olive—green and * dark~brown above, brown below; *

branched. Stem in transverse section with central strand absent. Brood bodies absent.
“ . .

Axillary hau'_s sparse. Leaves when dry irregularly * twisted and incurved, laminae inflexed '
to conduplicéte; 2.0-4.0 mm long, (0.8/1.0-1.6 mm wide, oblong to broadly-oblong,
some with slight cbnétriction‘ in mid—portion, or oblong from * broadly ovate base,
elliptic-obiong, to obovate, apex blackened in many pooulations, dark—brown in very
few, abruptly narrowed to stout, hyaline hair-point' that is 2 mm long; margins plane.

Costa slightly tapered distally in virtually all populations, in 1 populétion equally strong and
prominent throughout excurrent, abaxial surface inconspicuously keeled above in
virtuaily all populatlons consplcuous in 1, shmy and dark- green in most populatlons

olive—green in some, golden-— brown in 1, £ smooth to sparsely papillose dlstally papillae
low and rounded; in transverse section 2-3 rows ventral cells, begleiters
undifferentiated, 2—3 rows stereids. uppﬂ laminal cells S-18 um wide, 8-23 ym long
with 3-5 papiliae per cell, sorne indistinctly “c"-shaped; upper marginal cells 14 sm wide,
8-12 ym long transitional ;;_e_u_s smooth somewhat above basal cells on both surfaces,

paplllae as on upper cells; bas_a_ laminal cells 14-90 um long, 12-18 um wide, m small '

mconsplcuous_ group, transverse walls yellowish to orange, porose or entire; longitudinal

walls hyaline to yellowish, porose or entire, superficial walls smooth, irregularly + -
: _ !

‘perforated to entire; basal marginal cells' distinctly differentiated; in 12-20 rows.

Goniautoicous. Perichaetial leaves * broadly ovate and sheath—iike below abruptly
narrowed to oblong upper portion, apex abruptly narrowed to hair— pomt perigonial
lg_a_as broadly ovate and sheath-like, abruptly narrowed to broadly acute apex, 1.0- 12
mm long perigonial par_ap_ms with upper cell walls sparsely paplllose with Iow
rounded papillae; a few with upper walls thin and * collapsed.

Seta 1-3 mm iong, flexuose to erect, strongly ridged and twisnted dextrorsely,

shiny and yellow below, crimson-red distally, duli—orange when older; in transverse

I+

section 185-195 um in diameter. Capsule 1.7-3.0 mm long, when dry cylindric and
constricted just below mouth some + tapered basipetally, others sllghtly inflated and *
abruptly narrowed to seta smooth and # turgid, golden to orange below with
crimson—red rim, when old + puckered and collapsed, dull-orange throughout M\

cells 55-85 um long, 20 um wide, in transverse section superficial and adjacent radlal
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walls strongly thickened, 14 sm thick; rim gells in 3-6 * regular rows longitudinally,
| rather irregular transversely, upper part of each cell rounded and. overlapping cell above,
16-30 um long, 12-18 pm wid.e,.walls very strongly thickened and dark—orange,
uppermost row pale orange; stomata superficial, 15-20, scattered, 32-60 um-long,
30-37um wide. Peristome absent. Qperculum plane—concave and short-rostrate, 0.8 mm
ldng. Annulus undifferentiated. _Sp_o;gs brown, paraisopolar, + uniform in size in individual -
capsules inv virtually all -populationé,‘ in 1 highly variable, in polar view radially symmetric
and circular, 37-51 um, in equatorial view polarly a"s;lmmetric and conéave'—con‘vex
375-51 ,um X 30 um, proximal surface verrucate centra]h) and verrucate—rugulate radially:
‘verrucae 2-5um in diametér, smooth, surface finely punctate between verrucae; distal
sUrface\verrucate—rugulate, verrucae 2-5 um in diameter, smooth, S}V(a?e finely *
punctate between verrucae. Calyptra 2.3-5.0 mm, extends well bek\)w capsule, short
elliptié—cylindrip and * distinctly contracted.to very short, erect or slightly curved
rostrum that is 0.5-1.2 mm long, cylinder slightly. aﬁd distinctly constricted at base or
with slight horizontal e;panéion, fringed, segments * regularly ‘-(rapezoidal, 0.4 mm long,
broken off in maﬁy, golden, to * dark-brown distally with golden to white fringé: shiny
and * opaqué in most populations, somewhat transluscent in very few, smooth to =
papillose throughout, papillae low and rounded, denser and more prominent distally; in
transverse section cylinder with 2—3 rov;/s very thick-walled cells, fringe with 1 row of
éells, walls exceptionally thickéned; in superficial view fringe cells short- to long—oblong.
Chromosome number unreported. :

L
: . : . R - :

Habitat: Plants of E. brevipes most frequently occur intermixed with those of E.
brevicolla As with _E,_hrg'vviggl]a, population;s of E brevipes occur in a wide variety of
montane habitats including ledges éhd crevices of rock outcrops from the movritane zone
to well above timberline, as wéll as on soil in exposed tundra habitats. The only slight
difference apparent between the habitats of these two species is that £ brevipes may
tolerate more mesic. habitats than E. brevicolla, as plants of_E._b_r_gm’gg; are occasionally
found in-seeps on cliffs assoc'iated. with Blepharostoma trichophylium (L) Dum. and E_
alpina Also, it appears that E. brevipes is restricted to montane habitats, while E.

revicolia is also found in arctic tundra habitats outside of montane regions. However,
: 9 .

~—

*
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this may reflect hlstorlcal factors more than habitat differences.

The fundamental similarity that the association of E._ brevipes and E, hmmg_lja
reflects is the substrate—type of the habitat. Both are rather pronounced siliciphiles. In
western North America, the pH of soil samples collected with pepulations of _E_b_r_em%gs
ranged from 50 to 6.3 (=21 fgom 12 differeht localities}) with a mean of 57
(s.d.=+0.49) (Fig. 300). The concentrations of Mg were about'the same as in. samples

taken with E. brevicolla, while the Ca** concentrations were even lower {Figs. 301-302,

-Table 9). Encalypta b.LQ)LIQQS is also frequently associated with E. ciliata throughout its

range and in one collection it is mtermtxed with £ mms;gma Both E ciliata and E. .
microstoma are characteristically associated with acidic substrates, although both are
probably tolerant of shghtly calcareous conditions as well. Other species associated with -

E. brevipes that reﬂect this preference for acidic substrates include Ampmdmm

" lapponicum (Hedw.) Schimp., Anastrophyllum assimile (Mitt) Steph, Bartramia ithyphylla

Brid, Cnestrum schisti (Wahlenb.) Hag. ]sopterygium elegans (Brid) Lindb., Lophozia
lvcopodioides (Wallr) Cogn, Rhacomitrium lanuginosum (Hedw.) Brid. and Iritomaria

\ “quinquédentata (Huds) Buch. Species with a broader range with regard to substrate—type

that are also rather frequently associated with E,_ brevipes include Bryoerythrophylium

recurvirostrum (Hedw) Chen, Eurhynchium puichelium (Hedw.) Jenn, Pohlia cruda (Hedw.)
‘Lindb. and Timmia austriaca Hedw.
Distribution: The world—wide distribution Of-‘_E_._m’ﬂ'[QQ_s is a disjeinted one with recerds .

“from rather widely disjunct localities {Fig. 188). In North Amlerica, it is known only from

the Western Cordillera. Sporad:c localities are reported from Alaska in the Brooks and
Alaska Ranges; from the Yukon Territory in the Ogilvie, Selwyn and Coast Mountains; and
from northwest British Columbla in the Cassiar Mountains. At present, E.previpes appears
to be-disjunct 'from these northerly localities to the Rockles in western Alberta and the
Coast Range in northwestern Oregon (Fig. 189). Elsewhere, single collectios are reported
no Southwestern Iceland, the Chibiny Mountains on the__.Kola Peninsula (Schijakov ('19515
ated on Fig. 188 by an op\eh circle because the'specimen réquested from LE has

made availble to me), the Al‘ps in southeastervn France, the High Tatras in

Czechoslovakia and the Eastern Sayan Mountains in the Lake Baykal region of Asia (Fig.



. Figure 188. Distribution of Encalypta brevipes.'
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Figure 189. Distribution of Encalypta brevipes in North America.
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188).

Within its range in western North America, E.  brevipes is a rare species,

~ particularly in the southern Canadian Rockies of western Alberta Here, it is known from

only three different localities, although it has been specifically sought after at a number
of other localities in appropriate habitats. Populations of E_brevipas are of slightly more

frequent occurrence farther north; however, only one or two consisting of more than a

‘few small tufts of plants have ever been found Plants of E_hraevipes are generally

intermixed with other species of Encalypta (as noted above), and the other species are
characteristically the more abundant component at any given locality. Beyond the North

American continent, £ b_mms appears not only to be extremely rare, but also the

specimens observed by me (the holotype collection from the Kola Peninsula is the only

one that | have been unable to examine) consist of only a very few plants.

When E. brevipes was reported new to North America (Horton & Murray 1976)
from the single Yukon locality and three Alaskan localities. all within the unglaciated areas
of Beringia, it was suggested that the Qistribution of E_brevipes is relictual. Further
Alaskan and Yukon Ioc!!ities, as well as records from northern British Columbia and

western Alberta were r\eported by Horton (1979a). At this time, the importance of

substrate in determining the occurrence of E. brevipes was stressed, but the original’

hypothesis of a relictual status was reaffirmed. Recently, the Icelandic and three,

widespread Eurasian localities have been recorded iHerton 1880) and were considered to

lend further weight to the supposition that populations of £ _brevipas were previously

more continuously distributed.

Such a scattered distribution pattern of E. brevipes can be cited as
avidence of long—distance dispersal or as a classic example of a relictual distribution. |
believe that there is good evidence to support the latter hypothesis in this particular
instance. Hultén (1937) was one of the first to draw attention to the s;gnificahce, with
respect to plant distributions, of the large areas of AIaska—Y.ukon that were unglaciated
during Pleistocene times. More recently, Packer and Vitt (1974§ . suggested that
disjunctions of plants from northwestern North America to the Mountain Park area and
other nearby localities in western Alberta suggested that such plants had survived in situ

in refugia within glaciated territory. Some apparent disjunctions are now known to have

&

rd

A
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reflected disjunct collecting localities and the patterns have proven to 'be more-or-less

‘ continuous; therefore -the Mountaln Park theory was recently evaluated (Horton 198 1a).

ot
The fact that there are still such plants as E_brevipes that are rare and have a sporadic
distribution in the Canadian Rockies was cited in support of the original theory, althougty it

was noted that present geological concepts of Cordilleran glaciation suggest that most .

- refugia within glaciated territory probably were not static and_ did not remain in one place

throughout gla(:ial times as had been implied previously. It appears that the pooulations of
_E,_h[_ﬁ_;up_e_s that: formerly existed south of the unglaciated territory in Alaska—Yukon were
consuderably reduced during or as a result of the Wisconsinan glacnat:ons All that is Ieft
are a few remnants that have apparently had little ‘success’in extendlng their range.

Similarly, the widely disjunct Eurasian and lcelandic populations' are probably-also the

‘remnants of formerly more frequently occurring populations. If the wudely disjunct .

populatlons obemp_e_s were scattered as a result of long—distance dlspersal it would

 seem plausible.to expect that in one area or another the ‘species mlght have flourlshed

' and extended its range Yet the Icelandic and each of the Eurasian collectlons“ of E

Mr

brevipes is depauperate and consists of only a few plants, which suggL’ésts a stenotypnc
species that is genetically depleted. .-

The - number of’ dufferent localities that E brevipes is known from in different
parts of its range illustrates the floristic richness of the Canadian Cordillera: by
comparison to any other Northern Hemisphere montahe region, perhaps exceptmg some
areas in Asia about v{lhioh little inforrnation is ‘available. Th‘ik\s" \js also apparent with such
other rare specnes of Encalypta as E. brevicollg and ﬁmmﬁa Not only do we have here

in western Canada a-unique opportunity to examine a relatuvely undlsturbed montane flora

" in relation to the effects of ‘Wisconsinan' glaciation, but as a result of the vagaries of

such historical factors, we also appear to have a flora that is ,unparalleled in its vyealth of
rare species. '
Varlatlon In splte of the widely d451unct pattern of distribution, the populatlons of E._
brevipes are remarkably uniform in structure with the exceptlon of the populatnon from

Oregon (Schofield & J & G. Godfrey 68029 - UBC), which is differentiated in several

structural details. The leaves are much narrower than in all other populations and. the
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costa is golden—brown in color, strongly protruding and almost as broad at the leaf apex

as itis bﬁéally (Fig. 181). Other populations of _E_.hmxim are characterized by a costa

that narrows somewhat distally (Fig. 179}, does not protrude strongly above the feaf - ..

laminae on the abaxnal surface, and is dark—green to olive- green in- color Also this .
Oregon population is characterized by an atypncal range of variation in spore size, from |
37 to 51um within individual capsules In other populations, spore size Is more-or-iess
#orm. At the present time, ¥ feel that it is inappropriate on the basis of this snngle
= pulatlon to give nomenclatural recognition to these differences. It should be noted that

the popui%ﬁn of E brevicolla also disjunct in Orego§ is similarly atypical with structural
dlfferences in. the perlstome and the calyptra (see discussion of Varlatnon under E_
brevicolla). On the basus of the data presently avallable it is dlfflcult to assess whether
. the character—states that differentiate these two populations reflect genetic isolation or
if they are responses to different environmental conditions unique to this particular

region.

Phylogenetlc Relatlonshlps malxp_'@ b[_e_wp_e_s appears to pe most closely related toE.
brevicolla (see discussion under Phylogenetlc Relatlonshlps of E. previcolla) and also to E.
ciliata. Features that link E._brevipes with _E,_ ciliata include the frmged calyptra that is
, smooth in some populations, the smooth turgid capsule that is broadly cylmdrnc with
numerous, scattered stomata, the yeliow seta that is crlmson red dlstally and the leaves
wnth a basal marginal border Also the spores are finely more—or-—less punctate as are
those of E ciliata although the macro- ornamentation ' is quite different Engajxp_ta
bLﬁllQﬁS |s markedly dovergent from bothib_emglja ‘and E ciligta in the characterlstlc

’of a short-rostrate calyptra ‘ ) ’ . ,

Specimens Examined: ALA (8), ALTA (60), G (1), Priv. Herb. D. G. Horton (25), 'IRK“,H), NY

———

(2), PRC (1), UBC (21 - .o
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ENCALYPTACILIATA Hedwig, -
- Spec. Mus 61 1801, }

Flgs 2, 16-17, 39 50-51, 61 -62, 64, 68-69, 190-216.

Ty’pe: None cited; reference made to previous publications. (Lectotype: "Leersia ciliata”
G-DCiin parth), B ' ’ .

Enga]xp_taﬁmhna_tal_am et DC, Fl. Franc. 2 453 1805. NQﬂ\_J_LQﬂ_lD_C.LSQEQQELQ_

Encalypta ciliata Hedw var. gconcolor Hook _e_tTayl Musc. Brit. 35. 1818. N_Q_m_ illeg. mg_l_'

1yp. spec. y
Engaupja mexicana C. Mull., Syn. 1: 516. 1849 Type "Mexico: C. Ehrenberg.” (Lectotype

"Encalypta leptodon mihi nsp Trachythole im Krater des Cerro de las Nabajas Martio

Ieg C. Ehrenberg Schlechtendal nr. 62." BM~-Schimp.l).

) Engalm giliata var. microstoma Schimp., Coroll. 38. 1856. Type None Ctte}\ There is no .

‘ spec:men m S;}h\mpers herbarnum in BM; therefore, a neotype should be selected.
Enga[ym ;_Q_am Mitt, J Lmn Soc. Bot 12 181 1869. Type: 'Andes Quitenses, in
summo monte Pichincha (10 000 ped), .lame.s.m (HolotypéU"Encalypta c»lnatabvar—\//

,Snowy\ “summit of Plchmcha Jameson NY- Mltt' Isotypes BM-Hook.!,

BM Shuttleworth!,. BM (two specimens), FH-Tayl!, G- —Boissier!; Possible Isotypes
M Hook.!, NY— Mltt')
Engal_yp_ta]_a;mm (Hedw. ex Lmdb) Lindb., Act. Soc. Sci. Fenn 10: 18. 18%1.

Leersia laciniata Hedw ex Lindb., Musca Scand 20. 1878 N_Qm_ j_u_eg. incl. spec: priQr.

Lg_e_mab_o_gaﬁ Kindb., Bih. Kongl. Svenska Vetensk —-Akad. Handl. 7{9). 128 1883 Type:

"N (Thér—B jérn Engelmark has mformed me {in litt) that there is .no specimen in S).

) Eg_c_a_[xp_:a ciliata Hedw var. gxmngsjgma Bruc:h ex Husn., Musc. Gali. 198, pl. B3, fig. 6.

.{ .

1888. Ngmilm_nc__a_a_gcrl

% Engaup_taaj_aglg_ana Kmdb in Macoun gt Kindb,, Cat Canad Pl. 6: 268. 1892 Type: "Mixed

" with a Etwm ot earth, Ounalaska Island, Behring Sea August 21st 1891 (J M.
Macoun.) {Holotype: %er., Alaska, Ounalaska 21/8 91 J. M.,Macoun S—-Kindb.)).
% .

g ED.Q&!!QI& previseta C. ‘MU”., Nuovo’Giorn. Bot. Ital. n.s. 3(1); | 193. }89'6. Type: "In medio

monte Kuan-tou-san.” (Lectotype: "No. 1040 In monte Kuan—tou—san prov. Schensi.

. Giraldi Jul. 1894 determinavit C. MUl Fl-Le_vier!; Syntypé€s: Fl-Levier!, H—Brl). '
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Encalypta erythrodonta C. Mull, Nuovo Giorn. Bot. ltal. n.s. 5(2);, 172 1898. Types: "China

interior, prov. Schen-si sept, in monte Tui—kio—san et in monte Kuan-tou—ean, Oct

dm

et Nov. 1896: ) Giraldi” (Lectotype: "China interior, provi'n'cia Schantsi sept ifi monte

Kuan—tou— san 5 Nov. 1896 Giraldi" FI-Levier {in part)l).

~ Encalypta aristatula C. MUIl, Gen. Musc. Fr. 381 1900 NQm nug, Specimen cited by

MUller “Im nordwesthchen Himalaya sammelte C. G. Rogers ben 11,000 F. Héhe E.
.aristatula n. sp. als Gegensatz zu E. ciliata” (BM, Fi-Levier (2 spemmens)‘ H-Br!, M,
PC-Cardot!, PC!, S- Dusen) , . e ;r;

Eng;_aj,yp_ta ags_tm_gma;a Broth. in_Dus., Ark. Bot 6(8). .30, pl. 12 flgs 1-6. 1906 Types

"Patagonia australis ad lac. Lago Argentino#in ruplbus rivalibus; ad lac. Lago San Martin

in fageto ad saxa rlvaha' (Lectotype: Patagoma australis Lago Argentino m rupibus

rivalibus” S—-Dusen!, Isotype: H—Br!l; Syntypes: S -Dusent, H—Br!, S—Mbller!, PC Card)).
E_D_Qalyp_tg leiotheca Herz., Biblioth. Bot."8‘7: 51. ]916 Type' "Unter Rasenwurzeln bei der

Abra de San Benito, ca. 3800 m, No. 4353" (Lectotype "Plantae in itinere secundo

- per Bohv:am lectae No 4353 Encalypta lenotheca H. n.sp. Unter Rasenwurzein bei der

Abra de San Benito ca 3800 m leg. Th. Herzog Juni 1911" JE-Herz '&Isot/y;ws\ M,
H-Br!, M, S- —Froehlichl, S-Regnell!, wWi). '

Eng_abm;a ]_ng_QaLQa Herz. ex Broth, Nat Pfl. ed. 2, 10?242 1924. EEL p_[_Q_E_]_Q]Q_thQ_Qa

Herz.

Encalypta sgab_y;a_ta Bartr., Bernice P. Bishop Mus. Bull. 101: 72. 1833. Type:' "rock crevices

- below Rest House, Haleakala, Maui, altitude 8;800 feet, February 14-15, 1830, St
John, number 580-a" (Lectotype: "No. 580 Encalypta scabrata Bartr. sp. nov, rock

crevices below Rest House, Haleakala, Maun Elev. ca. 8800 ft leg. H. St John. Feb

14-15 ~ 1930. FH Bartram! Isotypes: BISH!, NY!, S!; Paratypes: BISH (2 specimens),, ’

- BM~ Hook' NY (2 spec:mens)')

Encalvpta ciliata Hedw subsp eu—ciliata Glac ist. Bot. Reale Lab. Crlttog Pavia- Attu ser. B,

4:199°1847. N_Qm ﬂﬁg_

'Nomenclatural Notes: (N That there may be problems with typnflcatlon of specnes

 described- by Hedwig has been dlscussed by Florschltz (1960), Margadant (1968), and
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most recently by Koponen (1979) and Vitt (1980a). The first description of E. ciliata, that
can be consndered as valid in accordance with Article 13.1 of the ICBN (Stafleu et al
1978), is in Hedegs { 1801) Spec:les Muscorum Frondosorum However, there are no
specumens cited, only a general description of habitat, Florschitz {1960) note_d that
specimens often were not cited, particularly for European species. Instead, in the case of
E. ciliata as-with many other species, Hedwig referred to a number of earlier descriptions
and illustrations mcludmg those in Dillenius' Historia Muscorum’ (1768) Eg_c_a_ypja ciliata is
not fngured in Species Muscorum and the first reference is to the descriptign and
ilustration in Hedwig's Stlrpes cryptogamiacae.., which was later published as the
Descriptio et adumbratio mic:ios_copi_co—analytica muscorum frondosorum-(1787-1787)

(¢f. Margadant 1968). | would agree with Vitt (1980a) that ".typification of a Hedwig

"name ‘should be from a specimen in l-;edwig’s herbarium (if present) rather than from a

Dillenian specirﬁen which Hedwig ‘cited in the vprotologue.”. There is one specimen in the
Hedwig—S\chwaegrichen herbarium in G with ‘Hedwig's handwriting on it. The label
information is "Enc. giliata St Crypt. 1 p. 49 t 19", but neither of the two plants on this
sheet match any of the plants illustrated in Hedwig's Descriptio. In the De Candolie -

herbarium (also in G), which contains some Hedwig specimens (cf. Florschiitz 1960), there

. is another specimen with “Leersia ciliata’ written on it by Hedwig. Thfs'%’g‘pecimen consists

of a mixture of one plant of E ciliata and another of E. streptocarpa Peterson (1877,
Koponen (1979) and Shaw (1980) have cited other examples in which Hedwig's original

specimens consi_ste'd of mixed collections. In the present instance, the plant of E. ciliata is

* almost certainly ‘the one figured in the upper left-hand corner of Plate 19 in the

Descriptio et,eaumbr_atio... (Fig.' ), although two of the capsules and the lower right-hand

innovation have been bro):eorr off (Fig. ). Therefore, | have selected this plant as the

&

lectotype of E.giliata
(2) Pekka Isoviita

s kindly informed mein litt) that there is a letter {dated May

19th, 1906) in Helsinki Univesity Library “from Per Dusen thankmg Brotherus for the

- description of E. austrociliata Aherefore, Brotherus is considered to be the author of the

descriptibn and the citatiofl is E._austrociliata Broth. in Dusen rather than _E_ ags__g_c_um

Broth. ex Dusen.
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(3) The striking resemblance of some species of anu[a to E, ciliata is exemplified
by the fact that Carl Mlller (1896) described a IQ[_tula species as E. b_r_e_\asﬂa var.

m_e_dj_o_s_a;a In a publication based upon collections made by Giraldi in the Himalayas of )

China, MUIler described two. taxa of Encalypta consecutively. The first of these is E
breviseta and a“locality is cited. Under the description of the second, E. breviseta var.

‘medioseta there is no direct citation of a locality, but rather the notation “Inter priorem

A
speciem crescens.”. The specimens that Mlller described were 'sent to him by Levier. The

type specumens of E._breviseta in Levier's herbanum arg all_ﬁ_mua_f.a one of the types of -

_E,_b[_eyj_s_eja var. medioseta is a mixture of _E,,gmam&hd a IQLtula species. The most

.apparent differences between the plants of the ]_Qnuja-.spee:es and ti?se of E. ciligta are

the longer, apiculate apices of the leaves and the slightly '\IOng‘er seta Of th'e former These"

features correspond very well to Mlller's desci’iption of E. breviseta var. medioseta:
"..pedunculo parum longiore, foliis rotundato—acuminatis longipilis majoribus.” (the

comparison -of seta iength is with reference to E. brevisetal Therefore, it seems that

* Muller was sent a mixed collection consisting of E ciliata, which he had already described

from a different collection as E._breviseta, and a Tortuia species whicn he described as E.
b ! SCI '

breviseta var. medioseta To do Muller justice, in vegetative feajcures the Tortula species »

\

is virtually indistinguishable from £. ciliata.

Diagnosis and Differentiation: Throughout the greater pari of its range in'the Northern
Hemisphere, E. ciliata is a narrowly defined species in structural features. Among the
most distinctive of these is the caly’ptra. It consists of a long, narrow and well-defined

rostrum, a relatnvely short cylinder, and -a precisely segmented frmge that is pendent to

more—or-less flarlng from a narrow, horizontal and dlstlnctly defined ridge at the base

of the cylinder. Few collectlgns ‘of _E._ ciliata in the herbaria that | have examined are

misdetermined, and | bel that it is the unmistakably fringed calyptra that so many
bryolo.gists are readily able to associate with this species. Even when the fringe is broken
off, which is by no means uncommon, the narrow, norizontal ridge at the base of the
cylinder persists and is a good differentiating feaﬁjre. Aiso, the Iength' of the rostrum is
strikingly long in relation fo the length of the cylinder; generally, the ratio is equal to er

greater than 1:1.5. a long, narrow and'well—-defined rostrum, a generatly, the ratio is equal

E O
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a
to or greater than 1:1.5. Also‘cmcteristic are the w‘perfectly smooth, turgid—appearing
capsules that are cylindric and strongly constricted just below the mouth. There is a
well—developed, single peristome of lanceolate tegth (more—or—less "aberrant’ capsules,
the more extreme expressions of which are characterized by a very small mouth and

irregular peristome of narrower, linear teeth, occur quite frequently in populations of E.

- giliata; see Diagnosis and Differentiation.under E. microstoma). The seta is strongly

. dextrorsely - twisted, just below the capsule. The broad, mucronate leaves have a

pro}ninent costa and the margins are narrowly recurved basipetally from the mid—portion.
Also, the leaves are very dense and the stems are much~branched giving the plants a very
luxuriant sappearance Microscopically, E._ ciliata is defined by leaves with a costa that is
smooth and shlny on the abaxial surface. There is a distinct basal marginal border and the
basal cells are well-defined with the transverse walls dark-orange and the Iongltudmal
walls hyaline, The papillae on the abaxial surface of the transitional- cells extend to the
basal cells. Spores are heterepolar. with the prbximal surface defi,ne& by a distinct trilete

mark and numerous radial plicae. Structure of the distal surface is quite variable, but the

©  entire surface of the spore is more—or—less distinctly and finely pitted; however, in

some this is visible only with the SEM. _ .

Coloration is in itself an important differentiating feature of %_g_lj_a_ta The erange
or yellow tones so characteristic for this species are quite etriking and generally are
immediately apparent upon cursory inSpection, even without the aid of a microscope. The
shiny. calyptra is pale—golden ‘and' more—or—less tr'anslusc’ént; However,' in some
populations the calyptra fringe is pale brown and in others the whole calyptrd is darkerv
colored; mature eapsules are copper— to rust—colored, while yeunger 'ones are
greenish—yellow to yeliow, the .peristome is dark~orange; the seta is yellow; and the
shiny, yellow to g‘ol‘den—brown costa forms a prominent kee_l on the olive—green leaves. -

ﬂ\m ciliata might be confused withqsevexjal closely related speciesﬁnc!uding
ﬁa_fﬁn_is_‘%brevigglla E. brevipes and E. microstoma The calyptra of E. affinis consists
of a Ionger c\{lineier that is less d@stinctkly narrowed to the rostrum and there is only a
slight constriction at the base just above the fringe, or a very poorly defined extension

that is quite different from the sharp ridge that characterizes E.giliata Also, the calyptra

of_Eia.ffin'rﬁ is opaque and dull golden—brown owing to the finely papillose outer serface.



Figures 0-191. Encalypta ciliata. Scale=1 mm.

Fig. '190. Vegetative leaves.

Fig. 191. Perichaetial leaves.
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Capsules are pale—golden in color with a narrow, bright-red rim and there is only a slight
constriction just below the mouth. The peristome is pink and the lanceolate—linear teeth
are Ionger than those of E ciliata lLeaves of E. affinis are ‘quite different in the
characteristic dark—brown' overtones, and the costa i densely papillose on the abaxial
surface and therefore "dull. Encalypta af_f_u;us is readily dlfferentlated from E,_ciliata by the -
papillae on the abaxial surface of the basal leaf cells. These are most prominent along the
margins. Also, a basaﬂl marginal leaf border is-virtually undifferentiated in E_atfinis and the
marginal cell walls are colored as those of the basal laminal cells. The abaxial surface of
“the costa is densely papfllose in the region of the frahsitional cells and the papiliae on the
abaxial surface of the transitional cells are much larger than those that characterize £
ciliata In E. ciliata the papillae of the trahsitional cells are undifferentiated from those on
the upper‘ cells. Spores of E._ affinis are small and indistinctly polar with the surface
covered by relaiively small gemmae. I

The white peristome of _E,_b_[_e_yj_qglla |s one of the most stnkmg features that
dif ferentiates it from E ciliata Also, £ brevicolla is characteruzed by a calyptra very
similar to that of E_affinis and therefore quite different from that of E_ciliata in a number_
of features, a% discussed above. Capsoles of £ _brevicolla are brownish below end grade
to crimson-— red with a distinctive irridescent sheen in the upper part. The seta is
dark-red. There is a blackish coloration to the leaves, which are hair—-pointed and have
plane margins. Encalypta brevicolla is difficult to diffefentiate from E_g_ula_ta on the basis
of microscopic leaf character—states. However, the coloration of the basa‘l laminal cells is
somewhaf different. In E‘_b_r_eyj_c_g':ﬂ_a'both the transverse and ‘the longitudinal walls are
dark—orange. Also, the abaxial surface of the costa is densely paoillose in the region of
the trensitional_cells. Spolfes ofﬁ,_b_ﬁ_exj_cglla are quite different in the rather large, warty
pfotuberarices that more—or—less cover the surface. Aiso, there is no trilete mark or it is
mdlstmct ' . .

When calyptrae are present, the short, stubby rostrum of E. _brevipes is enough to
differentiate this species from E. ciligta In shape, capsules of E. b__emp_e_s are
more—of—less identical to those of E. ciliata, but there is never any trace of a peristome
in £ previpes Encalypta brevipes is ch.aracterized by a strikingly short sete and leaves

with long hair—points; the latter is a particularly reliable feature for separating this

s
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~ species from E_ gma;a As with E, brevicolla E. b_my,ip_eg can be differe?b'e(ed\by the
blackish tones of the blants and the plane leaf margins. Microscopically, the marginal
border at the base of the leaves is somewhat broader in E_brevipes than in E_ciliata, but
E brevipes is better. differentiated by the generally pale colofation of the transverse
walls of the basal cells. The spores of E _brevipes are indistinctly polar and there is no
trilete mark visible. | ' ’ ‘ .

) Engal,y_pja microstoma is very close to E._ ciliata structurally. The most réadily
apparent features that distinguish £ gm_Q[_Qs_tQ_mg are the muticéus leaves with plane
margins and the dark—brown fringe c)f the calyptra More subtle differences are
discussed under Diagnosis and Differentiation of E._microstoma

{Some species of Iortula andl De_smam_dp.n bear a rather striking. us.uperficial.
resemblance to E. ciliata. For example, the broad leaves of T, mucronifolia Schwaegr. with
revolute margins and a mucronate apex paralle! those of _E,_ ciliata However, the ubper
laminal cells of T, mucronifolia are less papillose than those ofigijia;a (smooth in some
populatiohs): therefore, they appear less dense, and the basal celis Iaqk the colored waI‘Is :
that are so distinct in £ ciliata Also, the sporophyte is quite different in shape with the
capsule asymmetric and, when present, the broad basal membrane of the peristome and
the cuculiate calyptra aré good differentiating features. Desmatodon latifolius (Hedw.)
Brid. is, in some ways, more similar to E. ciliata than Tortula muc_tgmf_g_l_!a The leaves are
more densely papillose, as in E_ ciliata; and the peristome has a low and therefore
inconspicuous basél membrane. However, the leaves are generally short hair—pointed; the
peristome teeth are relatively qug and linear (in this feature D. latifoliys Kis more
reminiscent of E. affinis); and the capsules are glossy and dark—brown. As-with 1.
mucronifolia. the definitive feature that differentiates Qla_n_f_qlms from £, ciliata as well as
all species of Encalypta, is the lack of colorgd walls in the basal cells.

Descriptioﬁ: E!_am_s to 35 mm tall, olive—green above in-mo§t populations to light~ or
dark—green, few with glaucous sheen, brown below in most ‘populations to blackish; *
branched. Stem in transverse section with centrala strand absent Brood bodigs absent.
A)gl_mnau;s sparse. .eaves when dry incurved and irregularly twisted, laminae * undulate

and inflexed; 2.2-6.8 mm long, 0.8-2.0 mm wide, oblong to narrowly elliptic-oblong to
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obovate-oblong to fingulate, apex acute and mucronate to apiculate, muticous and slightly .

cucullate in few populations, green, brownish to blackish in few populations; marqins

narrowly recurved basipetally from mid-portion to region of basal cells, few recurved

almost to base, very narrowly recurved or broadly recurved in few populations. Costa

' ) \ . . . . .
excuryent, ends just below apex in few populations, abaxial surface prominently keeled, .

s/hiny‘ and yellow to dark—brown, green on uppermost leaves in some populations,
sparselx papillose to smooth near base; in transverse section with ‘2'-.3 rows ventral
calls, t;egleiters undifferentiated, 2—3 rows stereids. Upper laminal cells (7)12-16(20) um
wide, 9-20(25) um long, with 3-6 papillae per cell, some indistinctly "c"—shaped; upper
marginal gells (12)14-16(18) ym wide, (7)9-12(14) um long; transitional cells papillose to
basal cells on abaxial surface, papillae as on upper cells, on adaxial surface smooth- well
above basal cells; basal laminal cells 28-110(120) um long, (11)16-25(30) um wide,
prominent, transverse walls dark—orange, Ioﬁgitudinal walls hyaline, superficial wélls
:.émooth, small papillae sparse on upper walls on abaxial surfa\Ce in few populations, entire
to irregularly = perforated; basal marginal cells di'stinctly differentiatéd in 4~6(9) rows.
Goniautoicous. Perichaetial leaves sheath—like and broadly obovate—oblong to' Rarrowly
eliiptic-oblong, apex acute, margins plane in most populations to recurved; perigonial
leaves 0.8-1:1 mm long, sheath-like and oblong to elliptic to obovate-oblong, apex acute

and muticous to sharply mucronate, margins plane to rgcurved in upper part; perigonial

paraphyses with upper cells entire or divided in 1 or 2, walls smooth.

Seta (1.5)2-10(15) mm long, flexuose to erect, slightly'twisted sinistrorsely
below, * strongly twisted dexfrorsely near capsule, shiny and yellow to copper— or
rust—colored, some red near base of capsule, in very few populations * red to blackish
throughout; in transverse section 140-160 um in diameter. Capsule 1.2-4.0 mm long,

when dry cylindric’ with abrupt constriction below mouth to cylindric and gradually or

" abruptly narrowed to small or minute mouth, abruptly contracted and slightly twisted to

seta, smooth and * turgid—-looking, yellow to copper- to rust—colored with rim red or

undifferer-iated in some, when young delicately, ‘longitudinally striate, greenish—yellow

~with £ red rim: when old slightly wrinkled to delicately longitudinally striate, collapsed,

some split from mouth or centrally, dull-orange; exothecial cells 35-140 um long,

12-35 um wide, in longitudinal rows, in transverse section walls strongly, * evenly

+

L
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1 concantrlc layer teath 16 ere t to' lnfle)sed Q[ I;gﬁﬁ\l geflexed, £ regularly lanceolate
to truncate, dark orange %o hyahr% or whlte in few popleatnons outer surface with 1
vertical row of cell plates, densely trnately pillose strnae»vertucaj (b slightly dblique, to
+ smooth in few populatuons mner s fac ‘ wuth 2 Vertical rows of cell plates basally,

: smooth and shiny; mm present

rows of cell plates. Qp_ep;cy_lum when dry concave—plane to plane—convex to convex and

very few populations, consists of 2 vertical

rostrate, in "aberrant” capsules * narrowly-conic and * attenuated to rostrum, 0.8-1.7
mm long. Annulus undifferentiated, some "aberrant” capsules cleistocarpous. Spores
orange, heteropolar, in polar view radially symmetric and circular (23)28-41 ,le in

equatorial view polarly asymmetric and plane-convex, 23~ 28 pm X (23)28- 41 Am,

proximal surface with numerous, radial plicae and * distinct triradiate mark, in some * -

irregularly rugose around trilete mark, minutely * “distinctly pitted; distal surface highly
" variable between and somewhat within populations, 5~7 prominent radial plicae extend

from * distinct rim bordering * distinct central pit; in some pit, rim and plicae overlain by

verrucose reticulum, minutely + distinctly pitted. Calyptra 2.5—-7.0 mm long, extends well' '

below capsule, cylindric to narrowly eliiptic-cylindric, narrowly~cylindric in few

populations, * distinc‘tly contracted, indistinctly contracted in few to curved or erect

rostrum that is 1.0-2.3 mm long, base of cylinder slightly "and dlstmctly extended
horizontally or obliquely, mdnstnnctly in few, fringed, segments not separated wnth~

spear—stage sporophytes, with expanded sporophytes_segments broadly ~to .I.'\alfrO,WIV..A

trapezoidal, appear slightly inflated, pendent to spread, * broken off with agé, calyptra

transluscent and golden, some * brown distally, very few * brown throughou,t,,_' in .some
fringe pale brownish, very few with dark-brown fringe, shiny, very few dull,
transluscent few opaque smooth, papullose in very few, papillae small and rounded‘ in.

transverse section cylinder with 2-3(4) layers of cells with very thick walls, frmge with Tf

row of cells, walls exceptionally thickened in 2 layers, outer yellowish, inner hyahne in ,

superficial view fringe cells short— to long—oblong, bordered above by 2- 3 rows

I ]
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quadrate cells. Chromosome number n=13 (Anderson & Crum 1958, Smith & Newton

1968).

Hablthorthern Hemisphere populations of _E,_nnm occur most frequently in forested
habitats at lower elevations, although they are found less commonly in tundra habitats as
well. This characteristic association with forested habitats differentiates E._giliata from
" almost all other >Spacies of Encalypta Therefore, E ciliata occurs not only in montane and
arctic habitats_, as is typical of most species in the genus, but it is also widespread in
forested regions beyond the mountains. Furthermore, in North America most species of
Encalypta are more-or-less restricted to continental parts of the Western Cordillera.
while popuations of Lmum are quite common along the West Coast This may re}lect a
greater tolerance for conditions of higher humidity. In North America, £ _ciliata occurs in
the terﬁperate rain forest on the West Coast, in the boreal forest across the interior of
the Continent, as well as in the prairie in pockets of forest associated with river valleys,
and down into nor’therly' portions of' the deciduous forest aléng the East Coast. Similarly,
in Europe, E._giliata is found not only in the Alps, but is also widespread in temperate and
boreal forest regions to the north and extends down into the more southerly forests that
occur in régions around the Mediterranean. Populations of E_giliata from subtropical
.regions of the Northern Hemisphere, for example ,Mexic'o, and Southern Hemisphere
populations from South America and Africa are more-on-less re’Str@ed to alpine
habitats. Engaupja ciliata generally grows on spil over rock outcrops that are
more—or;igss shaded and somewhat mesic. In tundra habitats, E. ciliata also grows on soil
on the edge _Of small solifluction terraces or on the edge of frost boils. In these habitats
too, the populations are often on slightly sé,ppy soil or in such a position that they will be
Qomewhat«»protécted from desiccation. However, the fact that some \pcp.ul{igns of £
ciliata grow in very exposed habitats may indicate that this specnes has broad tolerances
with reSpect to shade and exposure.

in western North America, E _ciliata hasvbrc;ad tolerances with regard to substrate
pH. The pH of soil sambles tested ranged from 5.3 té 7.1 (h=50 from 25 different
localities), but the mean of 6.3 (s.d=i0.43) (Fig. 300} indicates a rather marked preference

for substrates with a subneutral or slightly acidic pH. The resuits of analyses of Ca*- and
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Mg“ content of the soil also reflect a tolerance of slightly lower -levels than is

characterustlc of most,specnes (Figs. 301 302, Table 9). Assocnateﬁ Wes reflect this

tolerance of both aCIdlC and calcareous substrates but these v
to regional flOl'lSth dlfferences because E ciliata is so widespresd. However three»
species that, are - qulte frequently assomated with E gmaza throughout |ts range in the
Northern Hemnsphere are Bu_ggpmmnnxuum [_agummmm (Hedw.) Chen Er
[m_tggama and E_tha nmda {Hedw.) Lindb. On a. reg:onal Jevel in North Amenca species =
commonly occurring wnth 5 mlla!a are, on the West Coast Amnmdj_um lapp_chum
(Hedw.) Schlmp Aulac.qmnmm”iﬂdmﬂmum {Hedw.) Schwaegr., Clagpodium mejganum
(Sull) Ren. _e_t Card. ‘and ls_ng_cu.m s_m[gmta[_um Brid; in the Rocky: ‘Mountains,
Bl:anhythe.cmm velytinum (Hedw. BSG, Bucencrhmnhxl recurvicostrum. Eurhynchium
, uulchellum (Hedw) Jenn., Mnu.n:n mgm_sgnu Schimp,, Mwmua julacea (Schwaegr) BSG.
Platydictya ung_e_r_mannm}d_es (Brid.) Crum and Iumma am;a Hedw.; in the Midwest and
the East, Angmp_dgn attenuatus (Hedw) Hueb., A rostratus (Hedw.) Schlmp and Elagmp_usv_
oederjana (Sw. )lepr and in MBXICO Ampmdmm gxammmum (Mont) Broth Anacolia
intertexta (Besch) Par, Agngstroemia julacea (Hookl Mitt, Bartramia pg_tgsna Mont , ¢
Bmc.hsctbecmm cc:l:uen Card., Campylium nhl:xsmbxllum @rid) J. Lange, Qldxmp.dsan
australasige (Hook. & Grev.) Zander, Eurhvnchium. puichelium Mielichhoferia sP. Mo_lma
e_hr_e_nb_er_glana (C ‘M@H) Ther., Pohlia cruda (Hedw.) Lindb., Egjmmum mpgunum Hedw
Eo_t.tlacihﬁ.lmll(Hedw)Hamp andIQnulanggsDeNot R A
it appears that the European populatlons of E ciliata occur on substrates with a
slmnlarly broad range of pH. Brotherus (1923) stated that it is found on weakly calcareous
or calcareOus free rocks. In contrast Mértensson (1956) stated that in the Tornetré?k
area of northern Sweden, £ Qma_'@ occurs on calcareous substrata ‘The general view
,presented by lephcht (1890) perfectly parallels what l have -found here in North
Amerlca He stated that E ciliata grows "..auf mergehgem und kalklgem Boden. hauflg an

kalkarmeren Felsen.. auch auf kalkfreiem Gestem selten auf relnem Kalke

. v
Dlstnbutlon Encalypta Q]llfjﬁ is reported from North Amgrica South America, Eurasia |

a\éf-Aﬂca In North America, _E,_m_[ma is known. from scattered localitias in Alaska, the

Yukon and extreme western Northwest Terrltones as weII as on Banks islapd in the

K
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north, southward along the ‘Western Cordillera as far as ?uatemala, but appears to be
absent from the Great Bassn in Utah, Nevada, southern Idaho and eastern Oregon In
Mexico, one Iocaluty is disjunct on Cerro Potom and most collectlons are from the centrat
volcanic hlghland§ Engalxp_ta ciliata is known from the Black Hills in South Dakota and
Wyoming, from one locality in norfhern Nebraska. and one’in northeasterr\ Iowa In the
Great Lakes region, E,_m,h_a:a has a more—or—less;continuous distribution eastward to the
coast from western Ontano through southern Ontarlo northeastern Minnesota, northern
Mlchngan southern Quebec, Vermont, northern Mame and New Brunswnck to Nova
Scotua Prince Edward Island and Newfoundiand There -are only a‘few spOradac records

from the Hudson's Bay area, but it probably is not'infrequent in northern Ontario and

. Quebec (Fig'; 192).'Enga]1b_ta ciliata has been reported from a number of coastal localities l

¢

in southern and central -Greenland (ﬂewinsky & M"ogensen (1977 - indicated on the map
py open t“frcles t;ﬁsaué‘e the specumens requested from C have not been available to me).
In- South' Mernc!ﬁ;ﬂp}a has been’ coifected sporadlcally along the Cordilieran axis in

ﬂ“
Colombia, Peru Bolnv:a ‘and Patagoma The disjunctions probably represent, for the most
part, disjunct collecting focalities. ' e S o

Variation: (1) In 'general, the 'superficial structure ‘of spores is one of the most reliable

means for differentiating species of Encalypta Spores-of a number, of different species,
including E. ciliata, have recently been illustrated with SEM's by Vitt and Hamilton (1974) .
and Jarai-Komiédi and Orban (1975). in both studies, spores of E. ciliata were reported

to be distincﬁy polar with a central trilete mark and numerous, radial ridges on. the

!ﬁf/“Fz)FOXima' face, and {WE distal face differentiated by five or six radial ridgee and a central

brochus (or bordered pit). Vitt and Hamilton also noted that the surface c'néie eporeis
generally smooth or pitted, but that small papillae ‘are occasionally present. Jarai—Komlodi
and Orbanvoonsid’ered the structure‘of sporée of Lgha_ta to be so distinctive that they
placed it in a group ;se'parate from all other species .of  Encalypta, as'noted in the
Introduction. While Vitt and Hamilton grouped E. ciliata with several other kspec'ies of

E_n_ga]yp_ta, they srmllarly considered tie features described above to be of great value in

: ldentlflcatlon However, .the results of an extensnve hght microscope investigation of .

- spores of"_ﬁ_.gma;a, ingicate that there is considerable inter- populatlona!::varlatuon in the



—
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Figure 192. Distribution of Encalypta ciliata in North  America.
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more-or-less papillose calyptra. A discussioﬁ of the characteristics of t'
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structure of the distal surface (Figs. 194-199, 205-210). The distinctive brochus and

‘radial plicae or ridges (Figs. 194-195) described and illustrated in the two papers cited

above are, in many populations, indistinct (Figs. 195, 209) or so obscured by other
structural features (Figs. 199, 205, 207) as to be virtually invisible when observed with
the Iight'micro'scope. Indeed, the variation that occurs in the structure of the distal
surface is such that there are rz_go features that can be considered reliable for
differentiatmg_E_gmaj;_a In contrast, the structure of the proximal surface is remarkably
stable in different popuiations The triradiate mark and the numerous radial plicae are
always visible with the light microscope, aithough there may be some irregularities around
the trilete mark (Figs. 200-204). While it is not alweysw visible with the light microscepe,
another definitive feature of E._-gilia_ta is that'the entire surface of the spore is always
more—or—less distinctly pltted (Flgs 183-210) | |

(2) For the most part, the Northern Hemisphere populatlons of E. ciliata are

remarkably uniform in character—states of the calyptra, capsule, peristome and leaves, as

described above under Dmgnosns and Differentiation. In contrast a more—or—less marked
»
plasticity in the states of these same characters differentiates Southern Hemisphera and

Mexican populations of E_ ciligta In addition, a few isolated populatlons.are each

characterized by h'ghly drvergent states of one or a fow charaeters.‘ Probably = -

coincidentally, each of® these latter populations shares the common feature of a

populatlons ofigj_a_t_a foilows and the taxonomicgimphcatlons are asses /
(a)%exncan di South fAmerican Pop@giations Populations of E. ciliata from Mexico
southward through Central and South"’Amerlca ére dlscussed as a unit as the patterns of
varlatuon that* occur are very similar. In some populatnons the calyptrae are v:rtually
indistinguishable from those that typ»fip the more northerly populations. The rostrum is.
long, relative to the cyhnder length (appwmateiy two- thirds the length of the cylinder),

well-defined and narrow, by comparison to the breadth of the cylinder from which it is

quite distinctly contracted, and the ridge at tHe base of the cylinder is very distingt, with &,

long, regularly eegmented fringe hanging pendent from it '(Fig. 212 — lower centre).
However, the relative length of the rostrum is variable and in some bdﬁulations it is

considerably less than two-thirds the length of the cylinder (for example, it is not even

AY
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Figures 193-198. Encalygtﬁ ciliata. Variation in Spores.
* Fig 193 Triad Scale=20m
Figs. 194-138. Distg surface.
Figs. 194-195. Scale=10 ym. -
Fig. 196. chle=4/4m.
Fig. 197. Scale=10/‘ﬁj.
Fig 198. Scale=2 pm. .
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Figures ‘II‘9-204. Variation in Spores (contd)
Fig.. 199, Distal surface. SEale=10 um.
Figs. 200—-204. Proximal surface.
Figs. 200-201. Scale=10um.
RN Fig. 202. Scale=2um.
. Figs. 203-204. Scale=10um.
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Figures 205-216. Encalypta ciliata. Variation in Spores ‘(co'nt’d.). Distal Surface.
Fig. 205. J
206.
207.
208.
209.
210.

Fig.
Fig.
Fig.
Fig.
Fig.
gFig.

2.
=)

Scale=10 ym.
Scale=5 um. \
Scale=10 ym. -
Scale=2 ym.
Scale=10 um.
Scale=2 um. |

1
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Figures 211-214. Encalypta giliata. Sgale=1 mm.
Fig. 211. Calypt?ae of "Typical” Northern Hemisphere Populations.

Fig. 212. Calyptrae Showing Variation in Southern Hemisphere and

Mexican Populations.
*  Fig. 213. Capsules of "Typical’ Northern Hemisphere Populations.
Fig. 214. Capsules. Showing Variation in Southern Hemisphere and

"<

Mexican Povpulations.
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there is c'onside,rable' variability in the coloration of the calyptra Typicaf of E glliata are
populations with the calyptra pale-golden and transluscent throughout However, in many

the frin"ée, is pale-brownish, which also occurs in sporadic Northern Hemisphere

populations, but in some South American populations it is very dark—brown. Such’

coloration does not characterize any of the_ nqcttjgjx,apgpulations. Also, theenti}_'_gm ;

calyptra is quite opaque and brown in some; golden with rusty—caqlored streaks on the
rostrum and the upper part of the cyimder in others. There is also consnderable variation
m capsule shape and development of the peristome. Capsules of some collections are
Cyhndnc with a distinct constriction just below the mouth (Fig. 214- < left), as is
charactenstlc of E,_mhma, but in others this constriction is poorly defined’or even lacking,
and the mouth is quite small (Fig. 214 - centre, 232). Some have a peristom.e that is
well-developed with dark—orange teeth, which exemplifies E ciliata’ however, in other
instances the teeth are sparse, fragile and translos_cent (Figs. 51, 64, 214: - centre,
centre—right), and in others still, they are never formed Fig 214 - left centre). The setae:

are very short in some populations, but this is also a feature of some Northern

Hemisphef\g populations, particularly those growing in tundra habitats. Shape o?lthe leaf”

apex and, to some extend recurvature of the leaf margins are subject to variability (Figs.
215-216). Some plants have leaves with a mycronate apex, as in typucal E__mlma, but
others are mutncous with the costa ending well below the apex which tends to be
cucullate, and gome are aplculate with the point somewhat mare elongated than is usual.
Also, the marguns are strongly but narrowly recurved in most poulatlons whuch is’
characteristic of E. ciliata. However, there are sporadic populatlons wnth the margins so
finely recurved that it is virtually nmpossnble to detect with the dlsseqtmg microscope or,
at the other extreme they are relatively broadly recurved The variation described above
i exprsssed pnmaruly between different populations. however. there is also hmuted
intrapope@tational vanabnhty Fo; example within a single population: the development of
the peristome varies from absent to rather wen—develoeed with 16. orange teeth

.



Figures © 215-216. Encah}pta ciliata - Variétiqn in Leaves - of Southern )
' Hemisphere &nd Mexican Populations. Séa|e=‘l mm.
Fig. 215. VegetatiVe leaves.

Fig. 216. Perichaetial leaves. -
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Similarly, the leaves are muticous on some plants and mucronate on others.
The .populations of E._ ciliata that exhibit this marked phenotypic - plasticity in
taxonomically critical character-states are quite ciéarly delimited geographically by their

occurrence in the New World from Mexico southward. However, within this broad

~ geographic area, these populations appear to be independently distributed. For example;

popuhlations that are. more-or-less typical of E ciliata occur in scattered localities in
Mexico, and southward in Guatemala, Colombia, Peru and Patagonia. In fact, one of the -
types of E austrociliata from Patagonia has some ‘more‘—or—less "aberrant” capsules,~
which is quite a common \f‘eature of. the Northern Hemisphere populafioné of E. ciliata
(see Diagnosis and Differen'riation of E microstoma). Similarly, populaﬁons with features
atypical for E ciliata are sporadically distributed. This is 'partncularly true of Mexico, .
where wrtually the entire*range of variation described above is exhlblted by different
populations in the relatively small area encompassed in the central and northern portions
of that country. Therefore, there is no indication of clinal modification of particular‘
character-states correlated with geographic occurrence.

Just as there is only a broad c.orrelation between the atypical popul_ations of E.

ciligta and their distribution, there are only vague indications that the modifioation of one

* character-state is correlated with that of another. For example, among the Mexican

A7

populations of E. ciliata, there is a tendency for plants with a very fragile peristome or

peristome -absent to . have a, short _seta and mutlcous leaves with the margins

lmperceptlbly recurved, but these character -states generally are not aII correlat%d within

- mdlwdual populations. The type of E. mexicana consists of plants with a short seta and

fragile peristome, but the leaves are mucronate and distinctly. revolute, as is typical for E.
giliata The tendency for these three character-states of peristome, seta and leaves to be
correlated is expressed aiso in some South »America'n populations; however, quite
different corhbinations of character—st'ates.also occur. For example, the holotype of E.

coarctata has a very fragile, poorly-developed peristomé, but the leaves have a

partlcularly strong, prominent mucro (more pronounced than is typical for E_ ciliata).

Encalypta lei QI ega was described from a Bolivian collection the capsules of which lack a
peristome, but the setae are moderately long and quite within-the range characterlsnc of

E. ciliata. Most of the Mexican populations are characterized by a pale-brown calyptra

N
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fringe whereas very. dark—brown fringes have been observed only in somé -Sodfch .
American collections. Variation in calyptra '.::tructqre and color seemé quite independent
of wvariation in other character—states. In some Méxican populations; the calyptrae “are’
quite atypically elongate and narrow in the cylmder yet in all other respects the plants are
indistinguishable from those typlcal of _E_ ciliata. On the other hand some populatlons that
are typical in other character— states for example, penstome absent, seta short and
. leaves muticous, have talyptrae that are characteristic of E. ciliata.

’Studies of populational and regional variation in bryophytes are limited, as
- reportec‘ by Vitt (1980b), but are an essential basis for taxonomic evaluations (Vitt
: 1980b, Zander 1978). Zander { 1978) stated "...that only study of intraspecific variation of
a species and of related species on a wdrldwide basis can provide a sense of proportion
that allows the kind of takonohic appraisal tha;( satisfactorily reflects evolutionary and -
migrator"y history”. Encalypta ciliata is a case in point After | had studied many
populations of E. ciliata from th'rougr;out its range ih the Northern Hemisphere (excludi‘ng
”Mexlco) | had the feeling that here is a very clearly— defmed distinct speCIes tha posed
no” taxonomic problems. When | encountered one of these atyp World
specimens for the first time, my lmmedlate reaction was that thls was somethlng quute
different from E. ciliata, perhaps distinct at the specific or at least some subspecxfnc

level. It is not surprising that when Mltten examined such a population, he described E.

o coarctata (Mitten 1869) or -that Herzog (1916) described E. leigtheca Recently, Zander

{1977, 1978 and 1979) has brought to our attention that numerous n'omenclatural
s b : . S
designations for pottiaceous taxa similarly reflect "..extreme expressions, permutations

of character states, and gebgréphic variants..” (Zander 1979). However, both Zander

. ] | e
(1877, 1979) and Vitt (1976, 1980b) have recognized that regional in_traspeci,ﬁd

differentiation occurs in some moss species, whether or not the differences are given
‘nomenciatural recognition. Also, Zander (1977, 1978) has reported that a number of taxa
are characterized by gradients in structuralsvariation, for example B[yg‘g rythrophyilum
| jamesonii (Tayl) Crum. However, my studies of the populations of E. ciliata from Mexico,
Central and South America indicate that there is no combination of -character—‘states, nor
even one constant character—state that differentiates these f)opulations. 1t can only be

stated that they are characterized by a greater range of phenotypic expression, possibly
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reflecting greater flexibility. of the genotype and/or lengthy isolation from the North

American (excluding Mexico) populations. This is precisely the same situation that Zander

.(1877) described for the West Indian bopulations of Hymenostylium nggmm_slr_um

{Hedw.) Dix. He reported that these are characterized by ".a gréat variety of character
state combinations and in aggregate differ significantly from continental collections in the
greater frequency ‘of unusual combinations of character states.”. Zander concluded thﬁt
"No satisfactory circumécriptio.n of a Waest indian taxonomic entit); can be-made..” and
"recognition 'of all permutations of character state combinations would lead to a
multiplicity of artificial taxa”. Similarly, | have concluded that the populations of E ciliata
from Mexico, Central and South America cannot be distinguished taxonomically and
should not be .given nomenclatural recognition; they represent variation that is inherent in
‘at least some populations of £ ciliata _

{b) African Populations. In general, the African populations are considerably less
variable in their ‘structure than those described above from Mexico-South America. In

part, this may reflect the fact that considerably fewer collections representing only a

few localities are known from Africa However, even considering this, the African

populations show less divergence from the typical Northern-Hemisphere populations. The
calyptrae are typical for E. ciliata in every feature, as is the length of the seta Similarly,
capsule shape is quite characteristic, but these populations do dif'fqr in the development

of the peristome. In general, most of the African populations of E._ ciliata are

characterized by a poorly—developed, fragile peristome. The leaves are as the Northern «

Hemisphere ones, .except for one population from Lesotho _(,}_a_qg;:ﬁuiﬂa;mg_d 081 -
MO) with rﬁuti‘cous leaves (Fig. ). Another collection from this séme area has typically
mucronate leaves (Ma_gj_l_l 4412 - ALTA). As with the Mexican—South Ameriéan
po;niullations, these ones from Africa .are geographically isolated. However, thé
development of the peristo[ne is variable and there-‘s’éerﬁs little basis for taxonomic
recognition of these populations as aiéfinct from E_ciliata at any level. 7

There are several collections of E. ciliata s lat. from Ethiopié that are puzzling and
do not fit the pattern of variation described above. These were collected between 1837
and 1842Qby Wi/'ihelm Philipp Schimper's cousin, Wilhelm Schimper, who was hired fo

collect plants in various rather inaccessible regions (cf. Sayre 1969). Schimper's

Wl
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Abyssinian collections were published as Schimperi [ter Abxs_mmg_um and distributed by
U'nic'; tineraria (the group of botanists who hired Schimper to collect for them) (Sayre
19_69). On&. of these collections, No. 492b, was labelled with the.ngm‘ nyd of B
cuspidata Bruch et Scﬁimp}er and two others (Nos. 430 and 470) were published as E
gjjj_a_}g var. gymnostoma Bruch et Schimperu, also a pom. nud. In all three instances, the
authbrity names were followed by "(Bryol. europl’; however, these names were never
published in Bryologla Europaea. Later, Carl Mdller descr’i\bed E. g_u_sQidata Bruch et
Schlmp ax C. Mdll. and cited the Schimper exsiccata specumen of 492b. After assessing
the duphcates of thls specumen in various herbaria, it appears to have consisted of a-
mixture of E. .ciliata w;th a poorly developed peristome, as is found in many Afrlcan
populations and described above, and a form of E. map_tg_gama with gymnostomous
capsuies, short setae, leaves with a promlnent costa and Iong hair—points. Muller’s
descripti‘on appears. to have included both these taxa. In addition, 'he emphasized the
purple coloration of the plants, which clearly is a reference to a third taxon, prc;babl;/ a
species of Bryaceae which is also intermixed. Muiler apparently did not have a clear
concept of what he was describing, but it is possible to select a type that more—-or—less
accords with the original description. There is a specimen in BM with "E. cuspidata nob.”
~ written on it in Schimper'’s ha‘nd>writing. Although Un. It. 592 is the number indiéatéd on
this collection, | feel reasonably certain that this must have been a part of No:.492b
(Sayre (1969) suggested that there were probably only Nos..400 to 500 in Schimp(;r’s
exsiccata from Abyssihia). Because this specimen is in Schi.mper’s\ herbarium and Mller
attributed E. cuspidata to Bruch and Schimper, it seems appropriate to lectotypify a
specimen that Schimper considered to be this species as Muller's herbarium has been
destroyed. Therefore, this specimen, Which'consistsl only of the form of E. rhaptocarpa,
has been lectotypified.

Specimen 470 appears to-have been a mixture of more—or—iess "typical" E.ciliata
‘(as described above) and a quite different form 9f E. ciliata Specimen 430 consists
entirely of this latter form 'of _E_g_ma;a' Also, there ar{e otheﬁ specimens of this form in
Schimper's herbarium with the manuscript names of‘_E._[quQiliata 'and_E._rngfimbriata.. Itis
dif ficult to assess :che ‘taxonomic status of this taxon at the present time. The plants are

superficially sharply 'd,ifferentiatéd from. otr\er African and Eurasian populations by
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gymr;stomous capsules that are quite inflated at thé base and then narrowed to a smaller
mouth, short setae, and smoky—coloréd, opaque calyptrae with a short rostrum.w It is
possible that some of these plants for at least one of the collections (for example,
number 470) were growingkintermixed with plants of E, ciliata that are quite characteristic
of the variation found elsewhere in Africa for this species. This would lend considerable
weight to an argument that these populations represent a distinct, presently undescribed

P

taxon. Howe

flnd gp
lhﬁi’w are each in different patches on the sheet Also, while these plants

LA W
app’ea*'sharpy i¥ferentiated structurally from the other African populations, they are

really no more different than some of the Mexican and South American populations when

/ feel that it is quite possible and perhaps probable that Schimper did not

Iv,y‘dlfferent taxa growing intermixed; in all of the exsiccata specimens

these are viewed in isolation. Therefore, at the present time, | feel that it is prudent not to
give these African populations taxonomic recognition until more sbeoimehs from this
region are available for comparative purposes.

' (c) Encalypta scabrata. When Bartram (1933) described E, scabrata from the Island
of Maui in Hawaii, he stated that it differe(! from E. ciliata "..principally in the very
scabrous calyptra but aiso in the longer ieaf apiculus.". indeed, many of the Hawaiian
populations are characterized by "these features {Fig. ); however, some hove the calyptra
virtually smooth throughout and the aplculus no longer than is typical for E_ciliata (Fig. ).
Therefore, E_ scabrata IS considered to be taxonomically synonymous with _E_ ciliata.
‘Similarly, Vitt {1980b) found that the Hawaiian populations of Macrocoma _tgnue {Hook. et
Grev) Vitt subsp. sullivantii (C. MGl Vit are somewhat differentiated, but are not
discontinuous from other populations of this> species because of the occurrence of
intermediates. , A '

It is interesting to note that in the type ;pecimens of Ls_c_abr_a_ta many of the
-plants have more—or-less "aberrant’ 'capsule'sh (see Diagnoéis and Differentiation of E-
microstoma), although no'reference was made to thesel in the ofiginal description. The
ocourrence of such "aberrant’ capsules is further evidence of continuity between the

B 4
Hawaiian populations of E. ciliata and those found in other widespread geographic

regions.
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Phylogenetic Relationships: The two species -that are most closely‘ related to E. ciliata
are £, sibirica and E microstoma; for a discussioﬁ, see Diagnosis and Differentiation of
each of the latter species. There are also a number of characteristics that link E. ciliata
with E_brevipes and E. brevicolla These are enumerated under Phylogenetic Relationships

of each of these species.

Specimens Examined: ALTA (200), BISH (6), BM (45), BP (7). CANM (280), CM (1), DUIS |
(12), F (85), FH (7), FLAS (3), Priv. Herb. J—P. Frahm (6),.G (3), H (100), H-Br (75), H-Sol
(45), Priv, Herb. P. & E. Hegewald (2}, Pl;iv. Herb. W. J. Hoe (7), Priv. Herb. D. G. Horton (75),
HSC (14), IRK (45). JE (3), KRAM (8), L (95), M (255), MEXU (13), MIN (5), MO (130), NFLD
(16), NY (305), PC (11), S (18C), TENN (18), UBC (155), UWSP (7), W (2), WIS (1), Priv.

Herb. B. van-Zanten (1).

Qf %’.&4 -
K Y W&%
ENCALYPTA SIBIRICA (Weinm.) wm” o

Hedwigia 53: 316. 1913.

| Basibnymz Encalypta ciliata Hedw. var. sibirica Weinrﬁ., Bull. Soc. Natural. Moscou 18(2):
448 1845 Type: "In Sibiria prope- Irkutsk. Aestate. (Vidi in herb. Acad. Scien
Petrop)” (Lectotype: "Sibiria, Irkutsk ex hb. sc. petropol.” H-Brl. -

E_ng_a}_ypja laciniata (HedV\;. ex Lindb) Lindb. subsp. sibirica (Weinm) Lindb., Act. Soc. Sci.
Fenn. 10: 268. 1873. |

Leersia laciniata Hedw. gx Lindb. subsp. sibirica (Weinm) Lindb. gt H. Arnell, Kongl. Svenska
Vetenskapsakad. Handl. 23({10): 64. 1890. - o

Leersia sibirica Lindb. et H."A!rnell ﬂ Par., Ind. Bryol. ed 2, 2: 121. 1964.

Nomenclatural Notes: Aécording to Sayre (1977), Weinmann’s herbarium is possibly
located in LE, but | have never received any response to my requests for a loan of their
specimens of Encalyptaceae. Therefore, | feel that | have né alternative but to select a
lectotype of E. sibirica elsewhere, if possible. Unfortunately, the one type of E sibirica

that | have seen is a sparse and rather battered specimen in H-BR, but it is identifiable and -
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is here designated the lectotype.

Discussion: The lectotype of E. sibirica is in such poor condition that critical taxonomic
features have been obliterated in some of the plants. Previously, when | examined this
kspecimen, I had been able to determine, in agreement with Lindberg (1873), that it is
differentiated from E ciliata s. str. by a papiliose calyptra and the lack of a peristome.
Howaever, in view of the variation that is known to occur in E. ciligta in some regions of
the world (see discussion of Variation in E ciliata), | hesitated to give this entity any
taxonémic recognition, particularly on the basis of a single, less than adequate specimen.
Therefore, | considered E. sibirica to be synonymous with £ _ciliata

.Recently (June 1981), | received a loan of specimens of Encalypta from PE
Among them was one =C. Cheu VI-Vil 1934) containing plants of a taxon that | recalled
having seen only once before in a specimen from Ulaanbaatar in Mongolia (Schubert
27.7.1968 - MO). As with the specimen of E. sibirica, | had been uncertain of how to
treat ‘the Mongolian specimen taxonomically. It too is clearly very closely related to £
ciliata, but the plants are characterized by a 'densely papillose, opaque calyptra and the
rostrum is indistinctly defined as is the poorly defined oblique extension at the base of
the cylinder. Also, the fringe is pale-brown and the cells of the fringe are more broadly
oblong than is typical fbr E ciliata The capsules are immature, but appear to héve no
peristc;me and the leaves are‘hair—poin‘tedi | suspected that this taxon s distinct, possibly
at the specific level, but the immature capsules (the spores are still enclosed in the spore
mother cells and the superficial structure of the exospor’e is indistinct) and the
knowledge of the variability inherent in some populations of £ ciliata méde me feel that |
should wait to see more materia! before making any taxonomic decision.

The PE specimen is characterized by the same features as those described above
~ for the Mongolian specimen. Furthermore, the former specimen has plants with capsules
that are very close to being completely mature. There is definitely no trace -of a
peristome and the spores are characterized by a rugulate pattern of vermiform
‘protuberances on the distal surface. The discovery of a sec’ond specimen similarly
differentiated from E ciliata and from the same general geographic area (the specimen

from PE is from Hopeh province in the vicinity of Peking) motivated me to re-examine
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the type of £ sibirica. which was collected at Irkutsk | discovered that some of the
plants in the |atter specimen have hair- pointed leaves, but that many of the harr - points
have been broken off, which misled me origmnally. Also, the structure of the distal surface
of the spores is the same as that described above Therefore, | have concluded that £
mmnga is a distinct species with the characteristics noted above, in all other respects it is
more—or—less like £, ciliata

The discovery of a connection between the three Asian specimens, and the
analysis of the definitive features ’;f E. sihirica brought one further specimen to mind .
This specimen, from south'western Texas (Magili 195 - MO), is characterized by some
character—states that are markedly divergent from those typical for E ciliata Again,
because there was a single specimen | previously felt it best to consider it within the
broad concept of .E,_“gma_ta However, a reassessment of the plants leads me to believe
that this is a specimen of E. sibirica s. lat. The plants of the specimen from Texas are
different from those of E sihirica in only one feature, that is , the leaves are muticous.
While this may represent a taxon distinct from_E._sib_ir_‘LQ_av, I would i)refer to wait until |
have seen more Asian and, hopefully, North American material of E_ sibirica before
making a decision on the taxonomic status of this taxon.

it may be that E._sibirica is extremely rare, even within its range. Although the type
collection is from irkutsk, there is not one specimen of E. sibirica among the 44 of £
ciligta in IRK.

While some of the Hawaiian populdtions of E. ciligta parallel E._ sibirica in the
characteristic of a papillose calyptra, the structure of the papillae is di'fferent. in B
sibirica, the papillae are dense and more—or—less branched, while those in the Hawaiian
populations of E. ciliata are relatively sparse, low and rounded. Some of the HaWaiian
populations of E. ciliata with papillose calyptrae are also characterized by apiculate leaves
in contrast to the éhort mucro that defines most p&pulationé of igmgm However, this
apiculus is stout and brown; therefore, it is quite different from the flexuose, hyaline
hair-point that defines E._sibirica

A full description and illustrations of E sibirica will be published in the future

when | have access to more specimens. . :



ENCALYPTA MICROSTOMA Baisamo et De Notaris,
Mem Reale Accad Sci Torino 40 342 1838
Figs 12, 14,29 32.36. 217 237
Type. "In monte Adula, BRAMBILLA " (Holotype “Encalypta microstoma DNtrs in monte
Adula leg Brambilla 1836 ex Prof Balsamo"” RO- De Notaris!. Possible Isotype "fr
Gottardo Encalypta microstoma DNtrs Bais * BM—-Hampe!)
Encalypta Qﬂma Hedw ngma (Bals. at De Not) Husn. Musc Gall 198 1888
Hom. illeg. of £ ciliata var microstoma Schimp
Encalypta laciniata Hedw. gx Lindb. var. microstoma (Bals gt De Not) Broth, Act Soc Sc
Fenn 19(12) 37 -1892
Encalypta ciliata Hedw. subsp microstoma (Bals et De Not) Kindb.. Eur. N Am Bryin 2
297 1897
L‘_a_esz,a laciniata Hedw. ex Lindb. var. microstoma (Bals gt De Not) Moller, Bot Not 1907
1421907
Nomenclatural Notes: Encalypta microstoma was described in 1838 (Balsamo & De
Notaris 1838). At the varietal level, the epithet microstoma was first described by
Schimper in the Corollarium (1855) as E _ciliata var. microstoma Therefore, all later
authors, except Husnot (1888), apparently assumed that Schimper’'s variety microstoma
was a new combination based upon Balsamo and De Notaris' E microstoma While there
is no specimen of E._ ciliata var. microstoma in Schimper's herbarium, details of the
original description provide reasonably good evidence that Schimper was not Feferning to
E._ microstoma His description is of a structural modification of capsules of E_ciliata
Taxonomic confusion has arisen because of the striking resemblance between capsules
of _&miQrQ‘stQma and some of these "aberrant’ capsules of E. ciliata. and nomenciatural
confusion has been created bvachimper’s presumably coincidental use of the'epithet
microstoma. Therefore, E_ ciliagta var. microstoma Schimp. is considered to be
synonymous with £ _ciliata not with E. microstoma See Diagnosis and Differentiation

(below), and Horton (198 1b) for further details'
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Diagnosis and Differentiation Lncalypls nugioatema 5 charactenzed by a smooth
golden brown calyptra with a raelatively broad shghtly curved or erect rosttum and
dark brown ghsteny. well detined fringe which hangs more or lass pandent trom a
narrow  hornizontal or  shghtly oblique expansion at the base of the cyhnder The
gymnostomous capsules (a fragmentary rudmentary peristome has been observed mn
veary few populations) are narrowly cylindric to cylndric tapered shightly distally and
more or less contracted in the upper part to the small mouth and gradually narrowed to
the seta Yellow to copper tones characterize the capsule and seta Leaves ae muticous
with plane margins and a prominent costé which ends just balow the apex. except in the
perichastial leaves (in these 1t 1s percurrent) Microscopically. the transverse section of
the capsule wall 1s distinctive The radial longitudinal and outer tangential walls of the
exothecial cells are very strongly thickened giving the appearance of a cut- out paper
chain of tulips. in superficial view these thickenings almost obscure all but a narrow
central strip of the cell lumina In the lower part of the leat there i1s a well-defined
marginal border of pale green cells that contrasts with the laminal cells, which are defined
by dark«or‘ange transverse walls The papillae on the abaxial surface of the transitional
3

cells exténd to the basal cells and the abaxial surface of the costa 1s more-or-less
smooth In transverse section there are two to three rows of stereids in the costa The
spores are heteropolar with a more-or-less distinct trilete mark and numerous. radhal
plicae on the proximal surface The distal surface 1s more variable with a more-or-less
distinct central pit bordered by a thick, more-or-less prominent nm connected to five to
seven more-or—less prominent phlcae In some instances. the pit. rim and plicae are
overiain by anastomosing verrucae, which give a reticulate impression under the light
microscope. Both surfaces are more—-or-less distinctly, minutely pitted

The striking structural similarity between £ microstoma and E. ¢iliata leaves no
doubt as to the phylogenetic derivation of the former taxon Indeed. these two species
are but narrowly differentiated from one another however, there are a number of
character —states in which the two taxa are consistently different Encalypta microstoma
can be dif ferentiated from E_ ciliata by the darker color of the calyptra, including the
fringe, which is a rich brown; calyptrae of £ ciliata are generally pale—-goiden thQEJghout,\

although the fringe may be pale—brown in some populations  Also, the shape of the



Figures 217-221, Encnlypt‘ microstoma. ‘“cale 1 mm
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221 Perichastial leaves
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Figures '222.-227. Encalypta microstoma. Variation in Spores:. [;;)istgl'""'@urfac':e.‘
- . Fig. .2\2<2, Scale=10 ym. ' ’
. Fig. 223. VS.:cla|e=4 pm. .
Figs. 224—2’26. Scale=10 ym. N
Fig. 227. Scale=4um. -
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| Figures 228-231. Encalypta microstoma Variation in Spores ‘“’(cont’d.). Proximal

Surface.
Fig. l‘ 228. Scale=10um.
Fig 229. Scale=4ym.
Figs. 239—231. Scale=.1l0,um.



292

)




293

calypt?a is different; in £ _ciliata the cylinder is broader, which makes the rostr‘um appear
narrower than in E. microstoma Fig. 233). The length of the rostrum of E,_g_ua;a is quute
consustentiy 1/3 the overall length of the calyptra, while in many populations of E.

microstoma. the rostrum is only 1/4 the total length. Capsules of E. ciliata are distinctly |
constrlcted just below the mouth and abruptly narrowed to the seta; in contrast, those of
E mmsjgma are contracted to the mouth (only rarely constricted and then less
distinctly so than in E ciliatal and more gradually narrowed into the seta (Fig. 234). A

well-developed peristome is characteristic of E. gma:a but absent in £

. (when a fragmentary perlstome does occur, it is always hyalme never with dark— orange
teeth as in E. ciliata). The setae in populatnons of_E,_gma;a are generally longer (up to 15
mm, while those of E. microstoma are only"up to 6 mm), although they are shorter in
some alpine populations of E. ciliata However, in a mixed collection%of E. ciliata and E
migrostoma, setae of the former tax'bn vary from 5=7 mm in Iengtt;, while those of the
latter are 4 mm. In populations ofimﬂa;a, the ieaves'a're mucronate and the marginsv are
always narrowly recurved in the lower 1/2 to 2/3, in contrast to the muticous leaves
with plane margins of E_ mms_tg_ma Leaves of £ gma_ta tend to be longer.and therefore
are more strongly contorted than those of E_ mm_gs;g_ma Microscopically, imlg[gsjgmg
and E. ciliata are dlfferent-m the transverse section of the capsule wall with the outer
tangential walls of the exothecial cells in E. ciliata strongly and evenly thickened in
contrast to the strong, localized thickenings characteristic of E.microstoma.

The vast majority of populations of £ ciliata are concentrated in the Northern
Hemisphere north of 30°N. These are relatively uniform in the character—‘states discussed
above, except that "aberrant” capsules (see below) occur 'quiteb frequently. However, in

"populations of E. ciliata from the Southern Hemisphere and south of 30°N in the Northern
Hemisphere, there is considerable variation in calyptra, capsule, peristome and leaf
structure (see discussion of Variation under E. ciliata). This variability is exemplifiad in
collec_tions from Mexicb and . South America. Some of these populations mimic E.
microsto ma in calyptra and capsule shape, and the lack of a peristome (Figs. 232, 235).
As well, the calyptra fringe is ;aale bro_'wn in many populations and, in sorhe, is even
darker brown than in £ microstoma Populations with muticous leaves are of sporadic

occurrence. However, thése “"Southern Hemisphere’ populations of E. ciliata are



'~Figqres 232-236. Encalypta mirostoma and E. cifiata Scale=1 mm.

| Fig. 232. Encalypts gjjia;a‘Cap‘sule from Mexican populatibn,

Figs. 233-234. Encalypta microstoma (left) and E. ciliata (right.
Fig. 233. Cépsules.

Fig. 234. Calyptrae.

[ 4

~ Fig. 235. Encalypta ciliata Calyptra from Mexican population.
Fig. 236. Encalypta ciliata Capsules from single population "to
illustrate gradation from extremely ‘aberrant capsule (right] to

'normal’ capsuie (left).

-



295
’




296

consistently differentiated from E_migrostoma by recurved leaf ‘margins.

The identity of E microstoma has been obscured because the forms of its
capsule parallel some of those that occur relatively frequently in po;;ulations of E. gma_ta
Generally, £, ciliata is characterized by a well-developed peristome, and smooth, cylindric
and turgid—looki'ng capsules with a distinct constriction just below the mouth,; the“'
diameter of the latter being more—or—iess equal to that of the capsule below the
constriction {Fig. 236 - left) Such capsules are quite distinct from those of E.
m; however, there are »populations ‘of E.  cijliata that are characterized
completely or m part by capsules with quite a dlfferent structure, whnch I refer to as
"aberrant’. The range of structural variation of "aberrant” capsules of E ciliata i
considerable and grades imperceptibly into capsules with structure typical for E. ciliata,
descrlbed above The forms that resemble capsules of £ microstoma represent only a
small portion of this variability.

Capsules of E. ciliata, that represent the most extreme expression of "aberrant”
capsules are cylindric and more—or—less smooth-and turgid—looking, some are tapér‘ed
distally, and there is always a distinct constriction or an abrupt c.ontraction just below the
minute mouth, the latter being considerably less than the diameter of the central part of
the capsule (Fig. 236 - right and extreme right. In some instances, the capsule is
cleistocarpous (with tHe operculum remaining attached and no line of dshiscence
apparent) (Fig. 236 - extreme right); in others, the operculum dehisces, buf the peristome
teeth are very irregula{’ or lacking altogether (Fig. 236 — right). The mouth is similarly very
irregular. Often "aberrant” capsules occur intermixed in pobulatiéns that have capsules of
the shape typical for E. ciliata and in a ‘few specimens a complete structural gradient
from the extreme ”aberraht” capsules to those characteristic of £ giliata occurs (Fig.
236). Some of these less strikingly "aberrant’, intermediate forms are virtually
‘indistinguishable, from capsules of E. microstoma except for the presence of a
peristome (Fig. 236 - centre). | |

The occurrence of intergrading forms t\:ﬁetween tybi_cal E. ciliata capsules and
“aberrant” capsules within individua»l populations indicates that the latter probably do not
represent a habitat modification, In all other features, the plants with "aberrant” capsules:

are indistinguishable from those typical of E._ciliata in the narrowest sense. The abnormal
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appearance of the extreme "aberrant” capsule forms suggests that such capsules may be
the product of some developmenta’l irregularity. While there may be so'me genetic basis
causing this irregularity, it is clear that such forms are not in any way genetically isolated
fr\om "normal’ E. ciliata Also, similarly "aberrant” capsules occur in such other specieé of
Encalypta as E_ affinis E,_ alpina and E. brevicolla and | have observed what might be
interpfeted as ”ab;arjrant” capsQIes in a few populations of E microstoma (Fig. 218 -

7“extréme_rightl. This indicates that the genetic potential for the formation of such capsules

traverseg interspecific as well as infraspecific boundaries; therefore, they should not be
given aﬁuy formal nomenclatural recognition. In contrast, the consistent structural
differsnces and the occurrené:e-\o’; mixed populations indica;é genetic isolation of E_
mg:_o_sigma and E._ giliata Theré should be no doubt that these taxa are distinc at the
specific Ievéi. | ‘ '

Encalypta brevipes resembles E. microstoma in gymnostomous capsules and short
setae. Ho;/vever, E. brevipes is differentiated by the extremely short, stubby rostrum of
the calyptra and the Ieavés with very long hair—points. Microscopically the basal cells of
the leaves are less distinctly def_inéd because the transverse walls are pale-yellow. The

spofe sculpture is quite different and consists of a distinctly—defined verrucose

reticulum.

2

.

Description: Plants to 20 mm tall, olive—green to bright—green above, brown to blackish
’ .
below; * branched. Stem in transverse section with central strand absent. Brood bodies
- . L)

absent. Axillary hairs sparse. Leaves when dry incurved and * twisted, iaminae plane to

'slightly undulate and ir{curved to conduplicate; 2.3-4.3 mm long,. 1.0-1.4 mm wide,

oblong to ovate—, obovate- or elliptic-oblong to elliptic, apex muticous and broadly
acute to acute or‘very shortly acwninate; margins plane. Costa subpercurrent or ends
well below apex, abaxial surface prominently keeled, shiny and ‘yéllow to olive—yeliow or

brown, sparselyﬂ papillose distaily, papillae low and rounded; in transverse section 2-3

_rows ventral cells, begleiters undifferentiated, 2—-3 rows of stereids. Upper laminal cells

(7)12-14(18) pm wide, (7) 1.2— 14'(20)/um long, with 3-6 papillae per cell, some indistinctly
"c"—shaped; upper marginal cells 9-14 ym wide, 7—V1 O umlong; transitional cells papillose

to basal cells on abaxial surface, papillae as on upper celis, on adaxial' surface smooth
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well above basa! cells; basal laminal cells 16-50 um long. 9-20 pum wide, prominent,
transverse walls dark—orange, longitudinal walls hyaline, superficial walls smooth, entire
to irregularly + perforated. Goniautoicous. P8richaetial leaves sheath-like and broadly.
ovate—lanceolate to obloﬁg—lanceolate, apex muticous and acute to shortly acuminate;
costa ends in apex; perigonial leaves 0.7-0.8 mm long, sheath-like and oblong to very
broadly oblong, abruptly narrowed to shortly acuminate apex or to lanceolate upper
portion and acute apex; perigonial paraphyses with upper cells entire, walls smooth.

® Seta 25-6.0 mm long, erect to slightly flexuose, slightly twisted sinistrofsely
below, * strongly twisted dextrorsely in upper part, shiny and yellow below and red just
at base_of capsule to dull orange or brownish with age; in transverse section 145-185
pam in diameter. Capsule 1.2-3.0 mm long, when dry narrowly cylindric to cyii;mdric, *
tapered distally and in some + contracted * below mouth to indistinctly constricted just
below slightly oblique, * narrow mouth, slightly constricted basally, then gradually tapered
to seta abruptly contracted to seta in very few populations, smooth, yellow to
copper—yellow with rim red or undifferentiated; when young greenish—yellow with rim
red or undifferentiated; when oid * wrinkled, collapsed and Iongitudinally i‘\’spiit,
du|l—orangé; exothecial celis 40-95 um long, 12-20 um wide, in * regular, longitudinal
rows, in transverse section walls strongly thickened on superficial and> adjacent radial
walls, 9 um thick; rim cells in 2-5 rows, 5-23 um long, 10-20 pm wide, walls *
thickened; stomata scattered, superficial, p}ominent ring of thickened walls outline guard
cells, 32-53 um long, 23—41 um wide. Peristome absent in most populations, when
present in 1 concentric layer, vestigial, teeth 76, + erect, * truncate, hya"line or white,
outer surface with 1 vertical row of cell plates, sparsely irregularly papillose to *
smooth, inner surface with' 2 vertical rows of lcells plates, smooth. Qperculum convex to
Islightly concave, and short—rostrate, 1.0—-1.2 mm long Annulys undifferentiated. Spores
orange, heteropolar, in polar view radially symmetrié and circular, 32-41 um, in'equat‘orial
view polarly asymmetric and plane~convex, 23-28 pm X 32-41 um, pro*imal surface
with numerous radial plicae and * distinct trilete mark, in some * irregularly puckered
around trilete mark; on distal surface 5-7 # radial plicae extend from * distinct rim
bordering * distinct central pit, in some pit, rim and plicae are overlain by verrucose

reticulum; both surfaces are minutely, = distinctly pitted. Calyptra 3.2-5.3 mm'long,
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extends well below capsule, cylindric, gradually tapered above and then‘rathar distinctly,
but only shightly contracted to shghtly curved. erect in very tew. thick rostrum that is
1.0- 1.8 mm long. base of cylinder shghtly expanded horizontally to obhquely, fringed,
segments narrowly to broadly trapezoidal. pendent to spread, calyptra dark—golden to
dark—brown distally with dark—brown, pale brown in few populations, fringe, shiny and
opaque. * smooth; in transverse section cylinder with 3 rows cells with very thick walls,
fringe with 1 row of celis, walls exceptionally thickenedain 2 iayers, outer yellowish,
inner hyaline; in superficial view fringe cells short- to long—oblong. Chromosome number

unreported.

Habitat: Populations of £, microstoma have been quite frequently collected with plants of
E. ciliata intermixed, which suggests that these two closely related species have very
similar habitat preferences. Although populations of _E,_\g_mma occur in alpine and arctic
tundra, they are more frequently associated with more mesic. forested habitats at lower
elevations. Therefore, this species is widespread outside of mountainous regions. tis
apparent from the distributioh of ﬁ microstoma that it, in contrast, is restricted to
montane habitats. The data on collection labels of E. microstoma are meagre, but
elevations of 1,000 to 2,700 metres have been recorded so it can be inferred that
populations zaccur from below treeline up into alpine tundra. | have collected £
microstoma at two different localities in the Swiss Alps; one was in alpine tundra at
approximately 2,700 metres where it occurred on a dry, Eocky slope with west aspect,
and the other was at 2,100 metres in the upper subalpine Larix europaea DC. zone where
it occurred on a dry rock outcrop with west aspect The apparent dryness of both
habitats was notable by comparison to E. ciliata The latter species tends to grow in
slightly mesic habitats where there will be a littie intermittent seepage. At the first locality
E. microstoma was growing on soil beneath the edge of a small solifluction terrace
where it was well protected by an overhanging tuft of Festuca haleri All. and by
surrounding granite outcrdps. in the immediate area large mounds of Silene acaulis L.
were a prominent feature indicative of the exposed nature of the vegetation, which also
included Agrostis rupestris All., Alchemilia glpina (L) Scopoli, Juncus trifidus L., Phyteuma
hemisphaerica L. and Saxifraga brvoides L JTortella tortuosa (Hedw.) Limpr; was relatively

i
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abundant on soll i the vicinity At the second locality, £ mucrostorha was also
well protected. growing back n the crevices of the siiceous outcrop with Jortella
tortuosa. ’and in more exposed positions on the tace of the rock with Plarigynandrum
filitorme Hedw Particularly indicative of the xeric nature ot this habitat was the
dominance of Juniperus communis L bushes Also present were Campanula cochlaerifoha
Lam, Minuartia laricifola (L) Schinz gt Thell, Saxifraga paniculata Miller and Sempervivum
arachnoidum L The relative dryness of both these habitats and the restriction of £
microstoma to mortane regions may indicate a shift in some aspects of the habitat
preferences of this species away from those of £ _cihata |
Another important feature of the habitat of £ ciliata s that this species frequently
grows where the substrate is siticeous, although 1t also pccurs on calcareous substrates
In western North America the pH of the soil on which populations of £ ciliata were
growing ranged from 5.3 to 7 1 with a mean of 6.3 (see Habitat under £ ciliatal Species
that are frequently associated with £ microstoma include such indicators of more
siliceous conditions as Bartramia phyphyila Brid. while such others as Eurhynchium
pulchellum (Hedw.) Jenn. and Myurella julacea (Schwaegr.) BS.G are generally associated
with calcareous conditions. As noted above, the rocks at both the localities where |
collected E._microstoma were siliceous. and pH of the soil was 5.7 at the first locatity and
5.8 at the secoﬁd. Therefore, populations of E. microstoma probably occur under very

similar conditions to those of E._ciliata with regard to substrate—type

Distribution: Encalypta microstoma has a relatively restricted distribution across the
montane regions of central and southern Europe from the Pyrénées Atlantiques and the
Pyrénées Orientales, and the Massif Central in France. through the Swiss, Austrian and
northern ltalian Alps. the High Tatras o‘f Czechoslovakia. 80d somewhat disjunct in the Rila
Mountains of Bulgaria and the Caucasus Mountains. An additional locality disjunct in
southeastern Norway (Hagen 27.7.90 - O) was tentatively repo{r\;ed in Horton (198 1¢), but
upon further consideration | see no particular reason 1o douBt ‘tne validity of the locality
indicated on this specimen (Fig. 237).

Coker (1918) reported E_microstoma (as £ laciniata var. microstomal to occur in

North America in "Northern New York and in alpine regions of the Rocky Mountains.”



Figure 237. Distribution of Encalypta microstoma.
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However, her description is of “aberrant’ capsules of E_ciliata. | Have seen No speci'mens '
of & mlgr_q_sggma from North Amerlcan localities. N

Encalypta microstoma is a rare species, endemlc to central and southern Europe.
in each of the herbaria examined, there exist onjy a few specimens, and less than 15 in
total have been collected since 1850 (in the herbaria that‘l have had access to). The -
coneentretgon of collections from localities in central and southern Austria-Switzerland
and northern ltaly indicates that this region can be considered th\e centre of the range of
E. microstoma It is to be expected from.Jugoelavia and possibly Hungary. Hopefuliy, the
occurrence of £._microstoma in Scandin'avia will be reaffirmed in the future.

By comparison to most other species of E»ngal_vﬁa;ythe distribution of E..
microstoma is markedly restricted. For example, £ ciliata and E rhaptocarpa are relatively
common and widespread i'n montane and boreal habitats of the Northern Hemisphere.
Even such spec:es as_E_ revi _E,_b_ge_lgg_lla_‘ﬁ_]_qngm[a.ﬁ_mm_ga and_E,_ﬁzaﬂmja_ta all
of whnch have been syggested by various authors to have rehctual distribution patterns,:
occur both in North America and Eurasia. Only two recently descrlbed species, E, vittiana
Horton and E. flowersiana Horton (Horton 1978b), appear to have,dlstrnbu’uons as
restricted as tha‘£ of E microstoma. Encalypta vittiana is known from northvvestern North
‘Amer'ica in Alaska, 'the~ Yukon. Territory and western Northwest Territories while E.
j_m_mma has been reported from Guatemala Haiti and Texas. The restrlctuon of each
of these three specues to a single contnnent in contrast to almost all other spemes of
Encalypta, suggests that £ m_q_c_:g_sjgm_a and E. _IM_S_@D_E and E- y_t_t_ana have evolved
relatively recently.

Phylogenetic Relationships: Clearly, _E_m;_Q[_Qs_una is most closely related to E. ciliata
The yellow tones that ‘characterize plants of E. gu_a_ta are parhlleled in B m|g_Q519_m_a
While there are same dlfferences in character— states of the calyptra and capsule, as
noted in Diagnosis and leferentlatton “overall the structure is’ very similar. Leaves of E.
microstoma are broad, as are those of E. g_@jg with a smooth, shiny costa add the

.. structure of the basal cells is virtually identical in these two species.

Specimens Examined: ALTA (2), BM (7), BP (8), DUIS (3), F (1), FI (13), G (4), H (4), H-Br
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(5), H-Sol (3), Priv. Herb. D. G. Horton (3), KRAM (1}, L (1), LAU (1), M (8, NY (1), O (3), §
(1o, wan | | \»

&

ENCALYPTA RHAPTOCARPA Schwaegrichen,
_ Spec. Musc. Suppl. 1(1); 56, fig. 16. 1811,
Figs. 238-242.

’

Ty}}es: “Legi ad nives alpis Carinthiae Heiligenbluter Tauern cum Hypno julaceo, aliis locis
similibus Gebhard invenit, Augusto fructiferum.” (Lectotype: "Encalypt rhaptocarp. ?

lilegible]l’ G-Hedw.—Schwaegr.).

Diagnosis‘:One c::f the most prominent features that defines E. rhaptocarpa s str. is the
dark-red, longitudimal ribs on the capsule. Alsb‘characteristié‘ is the opaque, golden
calyptra that is plain by comparison to those of many other species of Encalypta. It is
dtﬁl the base of the cylinder is either entire or eroée, and the relatively long (up to 2 mmj,
weli-defined rostrum is broad and somewhat enlérged distally. 'I:here is a well-
. devéldped, éingle peristome of"dark—red to orange teeth and a preperiégome occurs not-
infrecjuently. The orange to dark—red seta is of moderate length (Qenerall'y .5—8An:1m fong)
and is more-or—less twistedv. déxtrorsely at the base of the capsuie. The leaves are
characterized by a‘Ibhg, hyaline hair—point and on the abaxial surface in the upper part by
a smooth, shiny costa fhat is narrow and inconspicuous. The costa is green or golden
above to dark reddish—brown basipetally. Dark-red to orange longitudinal and transverse
walls characterize the distinétly differenti‘_ated basal cells and the uppermost of these
form a line that is more—or—less perpendicular to the costa. On tHe distal surface of the
sbores are numberous, large verrucae, while the prokimal surface' is characterized by
narrow, radial plicae with some granules centrally. '

Variation: Many species of Encalypta are dif‘ferentiated vby a unique exospore sculpture.
However, all species in the £ rhaptocarpa~E vuigaris complex,‘ including E. armata, E.
asperifolia. E flowersiana, E. intermedia, E. rhaptocarpa. E. spathulata, E. vittiana and E.



Figures 238-241. Encalypta rhaptocarpa Spores.

* Figs 238 & 240. Distal surface.
Fig. 238. Scale=5 ym.
Fig. 240. Scale=1um

Figs. 239 & 241. Proximal surface.
Fig. 239. Scale=5um. '
Fig. 241. Scale=1um,
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. vulgaris, are characterized by heteropolar epores with large, warty protuberances on the
distal surface (for purposes of this discussion, warty is used in a slightly broader sense
_here to include the warty—vermiform spores of E_ flowersiana). The uniformity in
spore—type that characterizes the taxa in this complex is in sharp contrast gg the wealth
of variation that occurs in other character-states. A myriad of modifications reflects
various combinations of numerous character—states thet occur in differgnt populations
(Table 4). Many of these modifications have been given nomenclatural'recognition and this
has given rise to a not vinconsider.able list of epithets (see van der Wijk et al. 1962, 1969).
Despite the variability that characterizes these taxa, | feel that my un,defstanding of most
of these ie é’ood enough to make a valid taxonomic judgemer_\‘t {see treatments of E.
armata, E. asperifolia, E. flowersiana, E. spathulata and E _vittiana). However, the taxonomic

Vstatus of E_rhaptocarpa, _E_jmem]_e_dm a.nd _E‘_y_\,;_lgaﬂs' is open to question. | find that | am
uneble to satisfactorily define the limits of these three taxa, particularly of E._rhaptocarpa
and £, yulgaris. ’A

Encalypta map_tg_c_anpa_s_s_t[, and_E,_mlgaus_sbﬂr_ are readnly dif ferentiated on the
basns of severa! characteristics. Most reliable of these are presence {E rhaptocarpa) or
absence (E. y_ulg@_ﬁ) of ribs on the capsule; presence (E. rhaptocarpa) or absence =
yulgaris) of a peristome; harr—pomted leaves in £_rhaptocarpa versus muticous leaves in
E vulgaris; an inconspicuous, green costa in: £ mam;lgam_a versus a prominent,

golden—brown costa in _E__u_lgag;s' and basat cells prominent with red or orange walls (£

s

rhaptocarpa) or basal cells mconsplcuous with yellow to pale-orange walls (£ vulgari is). In
North America, E_vulgaris s. str. is more-or-less restricted to Caln‘orma and Arizona (Fig.
‘ 242), while E_rhaptocarpa s str. occurs in boreal regions across’ the Continent from
N.ewfounéjland and Labrader to Hudson Bay and -the Great Lakes, across Manitoba,
Saskatchewan and Alberta, through Britieh~' Columbia. Along th: Cordilleran axis it has been
found in the Brooks Rahge in northern Alaska and. the British Mountains in northern Yukon
Territory southward through Alaska, the Yukon and the western Northwest Territories to
Colorado. In the Arctic, E_ map_gg_c_agp_a has been collected at widespread localities
including the Mackenzie Delta, Great Bear Lake and on Banks, Victoria, Semerset, Baffin,
" Bathurst, Cornwaliis, Devon, Meighen and Ellesmere Islands and in Greenland (Fig. 242). In

Eufope, the general pattern of distribution is the same with E_rhaptocarpa predominating \



Figure 242.' Distribution of Encalypta rhaptocarpa (solid circles), g:“vulgaris
| {open circles) and Intermediate Populations (half circles) 'in North

America.
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in more northerly regions and E. yylgaris more common in southerly areas (although the
latter does occur as far north as Scandinavia).
in addition to the populations of E rhaptocarpa s. sir. and E_vulgaris s_str.. theré

occur, in both North Amefica and Europe, populations characterized by modifications of
the character—states that otherwise define E. rhaptogarpa and E_ gulgaris Such
populations are not uhcommon within certain geographic regions in North America {Fig.
242) and the modifications are of characteristics that are critical for differentiating £
rhaptocarpa and E. vuigaris In E map_tggagp_a, which dppears to be subject to more
variability than E. vulgaris, there is a loss of ribs on the capsule, a poorly—developed or
vestigial peristome or even the complete absence of a peristome, lack of an excurrent
cos'fa, the costa more prominent on the abaxial- surface of the leaves, and basal cells with
pale colored walls (Fig. 243, Table 4). In E_vulgaris, modifications include the occurrence
of plications and faint ribs on the capsule, a vestigial peristbme, leaves with an excurrent
costa or with the costa inconspicuous on the abaxial surface, and basal cells with slightly
darker waI_Is. (Fig. 243, Table 4). The expression of this variability is primarily
interpopulational; individual populations are generally more-or-less uniform in structure,
and there appears to be no correlation in the occurrence of particular character—states
(Fig. 243). Far example, & population of E. rhaptocarpa may have capsules that lack
dark-red ribs, but the peristome is well-developed with dark-red teeth. Sqme of the
forms of E. rhaptocarpa and £ vulgaris represent such a blend of the characteristics of
these two taxa that it is difficult to give a satisfactory determination. Sirﬁilar structural
variation also occurs in populations of E. rhaptocarpa and E. wvulgaris in Euroﬁe. For
example, in the type specimen of E rhaptocarpa the peristome teeth are pale—orange
and not és well-developed as in 'typical’ £. rhaptocarpa |t:is possible that the structural
complexity that confuses the distinction between these two taxa is the result of
intergradation. If there is a correlation between distribution and the occurrence of
intermediate populations in Europe as there is in North America (Fig. 242), it rhight be that
it is more realistic to consider E._rhaptocarpa and_E._vu’ lgaris as subspecies. |

3 Historically, E. rhaptocarpa and E. vuigaris has been regarded as distinct species
~ with many infraspecific taxa Lawton (1871) treated £ rhaptocarpa as a variety of E.
vulgaris, but her concept of the latter almost certainly included E. intermedia (see

e
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Figure 243. Combinations of Character-States That Occur in Populations

intermediate Between Encalypta rhaptocarpa (top) and E. vuigaris

(bottom} in Western North America.

Three solid triang'les indicate a waeli-developed peristome; one open
triangle indicates the lack of a peristome.

Three solid c;vals indicate prominent capsule ribs; one open triangle
indicate the lack of ribs.

Two solid squares indicate the presence of hair—points on the
leaves; one open square indicates mqticous leaves.

One solid circle indicates an inconspicyous costa that does not a
keel on the abaxial surface of the leaf; two open circles
indicates aﬁt prominent, strongly protruding costa that forms a

distinct keel on the abaxial surfaée.
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discussion of Vanation under £ iitermedia n 1910, Hagen discussed the vanation and
apparant inter gradation among taxa n the L chaplocarpa £ vulgaris complex. but he
recognized most as distinct at the specific level He explaned that "Si je ne tire pas la
conséquence de cette démonstration, s\ je ne rbunis pas toutes ces formes en une seule
aspéce sous le nom le plus ancien 'd'ﬁ_‘ axtingtoria |- L yvuigaris! cest par pure concession
A opinion généralement répandue, mais jaime a croire que cette opinion s ébranlera peu
A peu, et que le temps viendra ol l'on pourra etfectuer cette rétorme sans éveiller de
susceptibiités” | am at present similarly reluctant to instigate such a change, but my
reluctance is relatad more to my feeling that | do not yet have an adequate understanding
of the problem than to a concern that a change might not be geferally accepted Studies
are now In progress to determine if the intermediate populations of £ rhaptocarpa and £
vulgaris reflect intergradation between these taxa or if the intermediates actually‘

regpresent expressions of two highly polymorphic species

ENCALYPTA VITTIANA Horton,
Bryologist 82 369, figs. 1-10 1979
Figs 244-249

Types "CANADA: Yukon Territory, Bonnet Plume Rng. slopes above northwest shore of
Pinguicula L., 64°42'N; 133°27'W, elev: 824-967 m Alpine tundra below limestone
outcrops; on Dryas integrifolia overhangs at the lip of solifluction terracettes, D. G ,
Horton & D. H Vitt, 10 July, 1876 (holotype — ALTA, isotype - priv. herb. D. G
Horton), Horton 5794 (paratype — CANM). Northwest Territories, Logan Mts.,
southeast side of unnamed lake, 62°34'N, 128°31'W, Horton 14467 (paratypes -
ALTA, NY), MacKenzie Mts., northernmost end of Nahanni Rng, 62°13'N; 123°22'W,
Horton 10452 (paratype — ALTA). UNITED STATES: Alaska, Brooks Range, Endicott
Mts., Anaktuvuk Pass, along Contact Cr., 68°171N; 151“52'W,J Horton 8_5_82

(paratypes ALTA, priv. herb. of D. G Horton)."

Diagnosis and Differentiation: Encalypta vittiana is characterized by golden—brown



to dark- brown calyptrae with a broad curved rostrum and a long, pale fringe; by
strongly,’ longltudlnally furrowed capsules with a well- developed single perlstome
by polar spores with rounded, warty. protuberances on the distal surface; and by

hair—pointed leaves. The plants are varlable in size; some populatlons consist of very

small plants while those of others are consnderably larger This newly described

species is most. closely related to L _hap_:g_ca_r_p_a Character states . of capsules
spores and leaves, as well as mlcroscoplc features of Iamlnal cell structure of the
two species are indistinguishable. However, £, vittiana is distinctly differentiated from

E. rhaptocarpa by the clearly defined fringe at the base of the calyptra Populations

of E. rhaptocarpa lack a fringe at the base of the calyptra; it is either entire or erose. .

Other features of the calyptra, which are less definitive, but nevertheless useful, for

differentiating between these two species, are the length of the rostrum, which is
1.0 to 1.2.millimetres long in_E_yjﬁj_ana but rnay be up to 2.0‘ m_illimetres long inE
map_tQ_Qa_jza' the rostrum of E. _;;c:qana is invariably curved, in_E__hath_c_a_[p_a it 'may be
" erect or curved the cylmder of the calyptra of_E,_ vittiana is often dark —brown, while
that of E. r_ﬁap_tggama is generally golden brown The calyptra of E. mt_‘uana is
strikingly similar totthat of E. longicolla Bruch, and populatlons of E_ y_@aﬂa with
spear—stage_sporophytes enclosed in calyptrae are difficult to dlstilnguish from
| those of E. longicolla Both specieqs' have hair—polnted leaves,”although those of E
]gng;_ggjja are r\arrower than those of E. vittiana Encalypta LQDQLQCﬂl.a llke_E__y__mﬁna is
characterized by more darkly- colored calyptrae than are most specnes of Encalypta

“and it too has a broad, curved rostrum, which-is- approxnmately one millimetre long.

B . However, the cylinder of the calyptra of E. yittiana is elllpt:c cyllndrlc in shape, while
that of E_longicolla is cylindrlc. Also, the cylinder of the calyptra of K. longicolla

tends to be longer than is that of E. vittiana -

Description: Plants variable, 1-2 mm tall in some populations, to 10 mm ftall in
others, glaucous—green to. olive—green above, brown below, + branched. . Stem in

transverse section with central strand distinct in some populations, cells. small, walls

thin. Brood bodies absent Axillary hairs sparse. Lg*_s when dry incurved, slightly

twisted in some populatlons laminae inflexed to plane or conduplicate; 1.7-25(3.0) |
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Figures 244-248. Encalypta \;ittiana. Scale=1
Fig. 244,
245,
246.
247.
248

Fig.
Fig.’
Fig.
Fig.‘
Fig.
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mm long, 0.5-0.7(0.8) mm wide, oblong to narrowly 6blong or narrowly lingulate,

apex broadly acute, hair—poin margins plane. Costa excurrent, abaxial surface orange

on lower leaves to trarislu_scent green on upper leaves, stréﬁgly papillose to sparsely |
prorulose above basal cell region; in transverse section 2-3 rows ventral cells,

begleiters undifferentiated, 2-3 rows of stereids. Upper laminal cells 12-16 um

wide, m long, witH 1-4 papillae, each + "c"~ or "o"-shaped; upper marqinal cells

(9)12— 16 pum wide, 9'—.12 um long; transitional cells papillose aimost to

basal cells on abaxial surfacé, on adaxial surface smooth somévx\/hat above basal

cells; basal laminal cells 20—-60 ym Iong; 9-18 um wide, promi‘hent, transverse walls

dark'—orange, longitudinal walls yellow 6r 'oranée, superﬁ'cial' walls entire to
m’egularly perforated basal marginal cells differentiated in 3-5 rows, yellowish.

Gomautoxcous Perichaetial leaves oblong ad sheath—like below broadly acute above
and hair—pointed; perigonial jeaves 1.0 mm Iong, sheath—like and acute or apiculate;
‘perigonial paraphyses with upper cells entire, wéllé smooth.

Seta 4-7 mm long, erect té slightly  curved, longitudinally ridged oncé or
twice, almost untwis.ted' red Capsule 1.5-25 mm'long, when dry cylindric and
furrowed, slightly constricted just below rim, sllghtly puckered at base and quickly
contracted to seta, transluscent benge in furrows with red ribs and red rim; when old
collapsed and deeply furrowed; Q)_g_Qme_Q[a_ Qe_J_s in slightly. irregular fongltudlnal rows,
in transverse section groups of outer cells are heavily, evenly cutiized (form ribs of

opaque dark—red Asm wide 7-16 ym long; wallsﬁin" mma_ta superficial,

capsule), intersperseaoups of. cellé lightly, evenly cutinize}z;}m cells in 2 rows;
restncted to capsule base, 30-53 um iong. Ee_u_s_tgmg in ‘l concentric. layer, teeth 16.
Ianceolate and slightly 1rregular dark—red, outer surface * strongly papullose with 1
verticakrow of cell plates, inner surface * strongly papillose, with 2 vertical rows of
cell plates; preperistome present. Annulus undif ferentiated. Q’Qgrgulggm 1.0 mm long,
convex-rostrate. Spores brown, heteropolar, in polar vie‘w, 35-37um on eduatorial
axis, 20,uh X 35-37 um on polar axis, proximal Aface * smooth,'o_r sparsely papillose
centrally, papillae - solid, and fidged radially towards equator, distal face with
prominent, warty pr'otuberanées, inner wall visible in most populations, entire surface

?

irregularly  papillose, papillae minute or surface appears irregular and vaguely
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roughened. Qal,yplr_a (2'.‘0)2.7—5.0‘mm long, extends well below capsule, narrbw!y
elliptic—cylindric, distinctly narrowed to curved rostrum that is 1.0-1.2 mm long,
cylinder with slight horizontal extension basally above well-defined fringe, segments
broad, trapezoidai, calyptra golden—brown to dark—brown, dark-brown distally, with
palé'fringe, shiny, opaque, * papillose to smooth; in transverse section cylinder with
2-3 rows of thick walls cells, fringe with 1 row thick walled cells; in superficial

view fringe cells rectangular or irregularly elongate. Chromosome number unknown.

Habitat: Encalypta vittiana has been found in alpine tgndra on limestone and dolomite
outcrops, or on the lip of solifluction lobes. it occurs on small patches of otherwise
base soil, or mixed in among other species of bryophytes and vascular plants. The
microhabitat is always & protected one. Encalypta vittiana is invariably associated with
substrates tr;at are highly calcareous. At all of the localities where it has been found,
E. vittiana occurs in mesic tu,ndfa on north, east or west-facing slopes. Sorﬁe of the
specues characteristically associated wuthE,_mmana indicate the slightly mesic nature
of the flora. Such species are DlitLQth inclinatum (Hedw.) B.S. G Encalypta
longicolla, Mygrg la julacea (Schwaegr) B.S.G, Qm_h_eQuL_ intricatum (C. J. Hartm)

B.S.G. and Q. strictum Lor. Other associates which have broader moisture tolerances

include Bryoerythrophyllum recurvirostrum fHedw. Chen, Distichium capillaceum
(Hedw.) B.S.G., Ditrichum flexicaule (Schwaegr.) Hampe and Tortella tortuosa (Hedw.)

Limpr. The vascular plants most commonly associated with E_yittiana are Dryas
integrifolia M. Vahi and Saxifraga oppositifolia L.

Distribution: Encalypta vittiana is known from two localities in the Brooks Range of
Alaska, the Bonnet Plume Range in central—.eas‘tern Yukpn Territory, the Logan
Mountains in central-western Mackenzie District and the Nahanni Range in
'southwestern Mackenzie District of the Northwest Territories {Fig. 249).

Encalypta vittiana is presently known only from n(lbrthwestern North America,
where it is- associated with the Western Cordillera within or neér the regions of
Alaska—Yukoh that escapfed glaciation in the Pleistocene (referred to as Beringia by

Hultén 1937). The .Q'ccurrence of species in this area, and in some outlying areas



Figure 249. Distribution of Encalypta vittiana.
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along the Cordillera farthef south, hasteen described b-y Schofield (1969) as\ typical
for4endemic or circumpolar arctic—alpine bryophytes in North America.‘ The species
‘most closely reléted to these a“r‘ctic-‘alpine taxa may occur nearby in circumboreal
regionls, or they may be more—or—less widely disjunct (Schofield 1969). Populations
of E. rhaptocarpa which is most closely related to E. vittiana, are concentrated along
the western Cordillera north of the maximum extent of Wisconsin glaciation, ‘and
also’ occur in scattered localities across the boreal regions of North America.
Encalypta rhaptocarpa should probably be considered an arctic—alpiné, circumboreal
‘moss, the range of which overlaps in northern regions with-that of E. vittiana Three
arctic—alpine mosses with North American distributions similar to that of E_y_Lma_na
are Andreaechryum macrosporum Steére and B. M. Murray (map in Steere 1978), E.
longicolla and Seligeria subimmersa Lindb. (map in Vitt 1976). It is noteworthy that all
'three have beéen found at or near'mc;st of the localities \A;here im}_ﬂana is reported
from (S, subimmersa is now known from one'of the Northwest Territories localities
" for E, vittiana: specimen in ALTA). These species, like E. yittiana are restricted to
substrates of a highly calcareous nature. However, the distributionai restriction of
these species cannot be attributed entirely to lack of suitable habitats. Encalypta
mutica is similarly réstricted to highly calcareous substrates, yet it is of much more
frequent occurrénc_e in' northwestern North America than either E. vittiana or £
longicolla. The decimation of formerly more widely distributed populations Ey the
Pleistocene glaciers, as suggested by .Hultén (1937) and others (e.g. Packer & Vitt
1974) is a feasible explanation for the present narrow ranges of some of these
species, while others may never have been more widespread Encalypta longicolla
and S. subimmersa are both known from Eurasia, as well as North America. It remains
to be seen if A macrosporum and E. vittiana will be reported from Eurasia in the
future, or if‘ th;y are both truly endemic elements of the North American

arctic-alpine bryofiora.
. L3

1

Phylogenetic Relationships: The distinctive, warty brotuberances on the distal '

surface of spores of ﬁ_mman_a estaplish that it belongs to the E. rhaptocarpa-E
vulgaris compiex. As noted under Diagnosis and Differentiation, E. vittiana is most
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closely related to E, rhaptocarpa The two species are ihdistinguishable on the basis
of all structural features except the calyptra (see Diagnosis and Differentiation).

-

Specimens Exam.i‘ned: ALTA (3}, CANM (1), Priv. Herb. D. G. Horton (2), NY (2).

ENCALYP'fA SPATHULATA C. Mlller,
Syn. 1: 519. 1848
Figs. 250-261.

Type: "Hispania in fissuris rupium-calcar. montis Santa Maria dicti in Sierra de Chiva 5500’
altitud. 2. Juni 1844: Wiikomm." {Lectotype: "Encalypta rhaptocarpa B pilifera Fk. In
fissuris rupium calcareo. montis Sta Maria dicti Sierra de Chiva (c. 5500) 2. Juni
1844." G~Schwaegr!; Isotypes: BM—Hampe!, G-DC!, H-Sol, LAU-Colomb—Duplan).

Leersia spathulata (C. Mall) Lindb., Musci Scand. 20. 1879. Nom. inval.

Encalypta rhaptocarpa Schwaegr. var. spathulata (C. Mill) Husn., Musc. Gall: 198. 1887.

En_ca]ypjg ms_tl_ngg_u_a Swartz sﬁbsp. tenslla Kindb. in RYIl, Hedwigia 1896: 65. 1896. Type:
”ﬁocky Mount.: Helena, MBnt Unter No. 1275 als Encal. vulgaris Hedw." (Lectotype: "N.
Amer., 11/5 88 Montana, Helena J. ROl Encalypta exstinctoria Sw. x E tenella Kindb.,
n. subsp S—Kindb.}).

Encalypta rhaptocarpa Schwaegr. subsp. spathulata (C. Muil) Amann, Flore ‘Mousses '
Suisse: 104. 1919

Nomenclatural Notes: As discussed in Horton (19790),LM§QMEI§ C. Ml et Kindb.
was described in 1892 -(M’vacouvh & Kindberg- 1892) from a specimen that was probably |
part of the same collectlon that Macoun had earller distributed as Canadian Musci No.
421, LM@_@ Whlle some of the exsiccata specimens consist of _E_gpatj_gla_’g_a at
least in part, the lectotype in Kindberg's herbarium (S') contains only plants that are a form
of _E_mm;;i Therefore, E. subspathulata is considered to be synonymous with the -
latter, not with_E,_sp_amul_aia. For further details, see Horton (1979c¢).
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Diagnosis Jvand Differentiation: Encalypta spathulata may well prove to be one of the.
most difficult species of Encalypta ‘to differentiate because of variation in taxonomically
critical character—states and convergence with ‘another notoriousiy variable téxon, E;
rhaptocarpa However, there are some fairly reliable features that characterize most
populations of E spathulata. The most striking of these is that the plants, which generally
occur in an extensive mat, are covered with a mass of~pale—colored calyptrae. It is the
very pale—goldeh color of thé calyptra and the fact that it is transiuscent, almqst to the
point of being transparent, that gives populations a very distinctive appearance. The
rostrum of the calyptra is always short and clearly defined. Capsules are gymnostomous
(a fragile, vestigial perist'ome has been observed o'nly in a few populations from Montana)
with a slight, but distinct, constrniction just below the mouth and delicate, longitudinal
plibqe. The red to dark—._red seta is quite fragile and many break when handied with.
for:c'eps. Leaves are narrow and irregularly twisted, with a shiny costa that is a rich,
dark—brown in many populations. Overall, the blqnts are very small. Microscopic features
of E._spathulata include the clearly defined, marginal border at the base of the leaves and
the prominent basal cells ‘with orange transverse and yeliowish tongitudinal walls. Thé
'/*.ﬁes are heteropolar with large, verrucate protuberances on the distal surface and
narrow, radial plicae on the proximal. Under the light microscope, the verrucae are hollow
-and an inner wall tracing the shape of the outer is generally vi;ible.

Encalypta spathulata might be most readily confused with E._ flowersiana, £, mutica
or with some modifications of efther_&gﬁap:gc_app_a or E vulgaris. There are two, easily
di'scernible features that differentiate £ flowersiana The leaves are muticous and the
distal surface of the spores is ’characteriied by elongaté, vermiform protuberances, in
contrast to theﬂdiscrete, verrucate ones of E spathulata Otherwise, these two closely
related species are virtually identical. “

Encalypta mutica resembles E. spathulata in the shiny, transluscent calyptra with a
short, distinctly defined rostrum, the lack of a pefistome and the small size of the plants.
However, in E_mum there is a distinct constriction at the base of the calyptré above a
very‘precisely segmented fringe. While a//more—of-less clearly defined fringe does
occur in some populations of E._spathulata ({see Variation), there is no constri‘ction above-

it or oniy a very slight ong. Leaves of E_ mutica are always muticous and there is no



Figufes 250-254. Encalypta spathujata. Scale=1
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251.
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253.
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Figures 255-258. Encalypta spathulata Spores.

Figs. 255 & 257. Distal surface.
Fig. 255 Scale=5 um.
Fig 257. S¢a|e=2}am.

Figs.. 256 & 258 Proximal surface.
Fig. 256. Scale=5 ym.
Fig. 258 Scale=2 ym
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maroinal border along the basal cells. The spores are paraisopolar and covered with small,
gemmate protuberances. ' |
* Most species of En_c_alyp_];a can be dnfferentlated solely on the basis of spore
structure; however, E._ s,;zamulaxa is one of a number of encalyptaceous taxa that are
characterized by polar spores with large, warty protuberances on the distal surface. Such .
taxa are generaily refarred to £ rhaptocarpa or E. vulgaris or subspecifi'c..categories of .Y
T these two specnes While E. rhaptocarpa s. str. and E. mlg_a_js S. Str. are quite distinct,
some of the myrlad moduflcatlons of these two sgecues approach- E. sna:hula;a quite
closely. In fact, a number of the specimens determined as E, spathulata actually represent
such modifications. For example,h Limpricht's (1890) erroneous report ot E. spathulata
. / from Tirol is blased upon such a spocimon. Encalypta rhapfocarpa s. str. can be
. differentiated from E. spathulata by the opaque, golden calyptra, a wall—'c;eveloped,
dark—orange poristome and capsules with dark-red, longitudinal ribs. Encalypta vulgaris s.
§Lr_,. ’is beSt differentiated by thé muticous {eaves with a prominent shiny and |
golden brown costa The character states that differentiate the modifications of these
two specnes from _E,_ sp_a;hul_a;a are more subtle. Many populatnons of E spathulata have ’
the calyptrae dnstlnctly fringed; this feature does not occur in _E._ rhaptocarpa~—E. vulgaris :
s lat Also the transluscency and very' pale coloration of the calyptra'ofﬂ_sgamum are
partucularly |mportant features. In most instances, modifications | of E Lhap_tg;ama_:E_
mlga_m have a darker colored and more opaque calyptra Capsules of E rhaptocarpa-E
vulgaris s. Jat generally lack the slight constriction just below the mouth, -leaves tend to
be broader and plants tend to be larger than those of £ spathulata. '

Description: Plants to 8 mm tall, oIive—oreen to light—green above in leSt popuiations, .
glaucous green in few, brown below, * branched. Stem in transve;se section with o
entral strand undifferentiated or * distinct, cells small ‘walls thin and hyallne B_r_Qle

b_Q_d]_es absent. Axillary nm sparse. Leaves when dry incurved and |rregularly twisted,-

laminae conduplicate t& mflexed (1.3)1.7-3. 0(4.0) mm Iong (O%La’ 06(1 1} mm wnde,

oblong-ligulate to narrowly oblong or nar@owly spathulate apex abruptly narrowed, _
gradually narrowed in some, to halr—pomt that |s <15 mm long, Iower Ieaves shorter,

ligulate to spatbulate muticous; mamms plane, mmutaly |rregular in outline near apex..
. oo :‘15331
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Costa excurrent, ends waell be(r'owAapex"in lower Iea\)es, abaxial surface prominently
keeled, ‘ve&y shiny to moderately shiny, - golden—brown to dark-brown,
transluscent-green on young leaves, smooth below, spé@hsely papillose in° few-
populatlons sparsely papillase distally; in transverse section 2-3 rows ventral cells,
begleiters undlfferentnated 2- 3 rows sterelds Upper lammal cells (7)12—-15(20) pm wnde
(9)12-18(23) um long, with 2-3(4) papiliae per cell, each * distinctly “c’ shaped few
\ "o"~shaped; um@_g_nal cells 12~ 15(17) um wide, 9-15 ym Iong _tranimgng cells
papilldse to basal ceIIs on abaxial surface, on adamal surface walls smooth somewhat
above basal cells; &asglmm[nal cells (17)26-70(87) ym long, 12—20(26) pm wide,

prominent transverse walls orange, iongitudinal walls yellowish, superficial walls smooth,

- enture to irregularly * perforated basal marginal Qe_ls distinctly dlfferentnated in rows.

Gomautoncous Ee_ugnagm_ leaves * broadly ovate and sheath—hke below, oblong above;
p_e_r_|ggn|aj leaves 0.8—1. 2 mm long, * broadly oblong and sheath— hke abruptiy narrowed
apex muticous to halr pomted perigonial Qa;;apj_ms_e_s with some upper cells longltudmally,
divided, walls smooth or with 1-3 low, rounded papillae d:stally

Seta (2)3-6(8) mm long, erect to flexuose,‘ slightly twisted sinistrorsely below, -
laxly twisted d.g‘trorsely near capsule, shiny‘ and red to dark-red; in transverse section
145-160 yim in diameter. Capsule (1.0)1.3-2.1(23) mm long, when dry cylindric to
eIIiptic—cylindric, delicately striate, plicate or delicat’ely ribbed, cdnstricted beneath rim,
puckered basally and abruptly contracted to- seta, golden with narrow red rim-and faint
golden—brown to relatively distinct red—brown Iongltudlnal rlbs when oig duII brown
and * collapsed; e_x_ojhe_cua_ Qeug 60—-165um long, 8-28um wide, in * regular, Iongltudmal !
rons, in transverse section intermittent groups of 1-5 cells with walls thickened, 5um
thic}<, other cells with walls thin; rim cells in 1—2 irregular rows, 12-20 um wide, 6 :——17/4

m-long, walls thin; gtomata superficial, restricted to capsule base, 40—44 um long

" Peristome absent in most populations, few with 1 concentric layer, teeth 16, hyaline or

~white, #* truncate, outer surface with ‘1 vertical row of cell plates, sparsely papillose,
ihner_ surface with 2 vertical rows of cell plates_atk'base, smooth; preperistome absent.
Qge;_ouj%m 0.6 mm iong, convex;rostrate. Annulys undifferentiated. Spores brown,
heteropolar, in polar view radially symmetric and circular, 28-35 um, in equatorial view

polarly asymmetric and concave—convex, 29-35 pm X 20-23 um, proximal face =
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smooth centrally or with low gemmae, radially plicate; distal face with prominent, warty
protuberances; deposition of microgranules over entire surface. Calyptra 2.0-4.0 mm
long, harrowly eIIiptic-cyIindrio and distinctly contracted to .slightqu curved or erect
rosfrum that is (0.6)0.8-1.0 mm long, at base some slightly constricted above short
fringe, some irkregularly, shortly lacerate, some erose, calyptra golden to oale—golden,‘
some brown distally, shin;l and transiuscent; in transverse seotion cylinder with 2-3

layers of celis with very thick wélls,.fringe with 1 row of cells, walls strongly thickened:;

'in superficial view fringe cells short—o?long to quadrate. Chromosome number

unreported.

AN

Habitat: Quite clearly, E. spathylata is restricted to highly calcareous substrates. In-North

America, the underlying substrate where populations have been collected is -typically

limestone. The pH of soil samples taken with many of these populations ranged from 7.0 -
to 77 (n=23 from 13 different Ioéalmes) with a mean of 7.4 (s.d=x0.2) (Fig. 300). The
concentratlons of Ca** and Mg*- recorded from some of these same soil samp}es were
also relatively high (Figs. 301-302, Table 9). Similarly, the habitat data on the Eoropean
specimens invariably refer to.a calcareous substrate. This is particularly noteworthy
considering that the Eurdopean Io:alities are strikingly widespread by comparison to those
in North Arﬁerica. C ) /

Popuiations of_&gp_athﬂaia“gccur at lower elevations in montane o: hilly terr: Y
North ‘America, 'théy have been. found at elevations of 1025 %o 1770 metres, w. h
Eurooean col‘lecti_ons are from 150 to 1700 metres. In Nor‘_ch‘America, _Etz_z
érows o_npatches of bare, moist soil in such shaded habitats as Picea
mmujgj_d_es and Eag_u_d_qx% menziesii forests, montane &nu_s contorta—Picea glauca of |
subalpine Abies La_s_j_o_gg_r,pa:&gﬁa engelmannii foresf‘_s. Apparently, this species does not
occur in tundra habitats in either North America or Europe. Encalypta ggalhgla_tg grows on

Orockf outcrops, as is characteristic of mest species of Encalypta; however, populatlons

are more extensnve and common n such ruderal and dusturbed habitats as roadside banks

or in the hO“OW created b\x:n uprooted tree. The.' weedlness of this habltat is reflected

""'m sich common associdtes B_a__b_ula gg_o_u_ta Hedw thr m-

recurvirostrum (Hedw.) Chen, Bryum spp., Ceratodon purpureus (Hedw.) Brid. and Tortula
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 mucronifolia. Schwaegr. Encalypta spathulata may have rather limited tolerance of

moisture stress. In the southern Canadian Rockies some populations of E_ mutica occur in
similar habitats to those of E. gpathulata and populations of the two species are not.

uncommonly found intermixed. However, £ mutica seems to have a broader range of

‘tolerance as it also occurs in more exposed and drier habitats.

Distributioﬁ: Engaup;a mma;a is known from North America, northern, central and
southern Europe (Fig. 259), and it has also been reported from southeastern Europe and
central Asia (Savicz-L jubitskaja & Smirnbva 1970). In North Americ‘a, ;t has been reported
from Alberta in the R'oéky Mdﬁntains; from British Columbia in the Rocky Mountains and

slightly disjunct in the northern Cascade Range; from Montana in the Rockies, and just A

~east in the Great Falls area and the Big Snowy Mountains (Hortor'\ﬁ1979c) (Fig. 260). See

ﬂt_ﬁrton (1979c) and Horton (1881a) for ‘discussions of the phytogeographical
’“ﬁw"? . ] .
significance of the North American distribution of £._spathulata. -

In E'hrOpe, E sp_amu[a:a is reportad from ‘Norway in Nord—Tréndelag and

~ Buskerud; from.Sweden in Dalarna; from Spain in Valencia; from France in Haute Savoie

and Alpes Maritimes; .from West Germany in fNort_h Rhine—Westphalia and
Baden—Wurttemberg; from Switzerland in Graublnden; from Austria in Styria; and from

rtedt‘_E._ spathulata from Svalbard
(1954) included Finland, .ané

Romania in Brasov (Fig. 261). Kuc (1973b) élso-.;

{indicated on Fug with an open curcle) NyHEM

Sawcz Ljubltska;a and. Smirnova (1970Q) reported it from Kavkaz {indicated on Figs. 259

261 with an open circle) and the Ukraine. | have not been able to trace a specimen of .

spathulata from Finland and | am unable to confirm the other reports because the

. géquested specimens have not been made available to me for study. Mdller (180 1) cited a

specimen of ngamula_ta from the peak of Karava in the Pindus Mountains of Greece,

which he stated had been

ted by Hadssknecht in 1885. Unfortunately, it is not
possible to verlfy thls ‘eport, although E. §Qa_b_u_a_a_ may well occur in this region,
because | have not been able to find the spec:men in Haussknecht's herbarlum in JE

Sav:cz—LjubltskaJa and Smirnova {1870) also reportedigpalhg_a_‘ga from central Asia.

En_galxp_ta §D.EIDH1313 is very rare, but the populations are characterlstncally N

extensive. In North America, it is known from quite a number of different localities. within
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Figure 259. Distribution of Encalypta spathulats.
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Figure 260. Distribution of Encalypta spathulata in North America.
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Figure 261. Distribution of Encalypta spathulata) in Europe.
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a very limited range. While pbpulations from Montana, Alberta and British Columbia have
been in. mats larger enough for distribution in exsiccatae (Horton 19793), it can not be
considered common. In Europe, the localities that E. spathulata is‘repor’ted from are
contrastingly widéspread, but these reports are based upon on[y one or two collections
in each instance. Apparently the populations were also extensive as two are contained in
exsiccatae (Bauer's Musci europaei exsiccati No. 844 and Rabenhorst's Bryotheca
europaea No." 1 163) and several others, including the type, are represented by numerous
duplicates. _ ;

: o ¥

Variation: (1) There is remarkable interpopulational variation in structure of calyptrae and
capsules of E. spathulata The type specimgns of E spathulata are characterized by a
somewhat irregular fringe at the base of the calyptra (as in Fig. 251, upper right).
Calyptrae from different populations are erose and partially frmged or almost entire at
the base (Fig. 251, Iower left); occasionally, the fringe is well-defined as in the habit
illustrated (Fig. 250). The rostrum of the calyptra varies littie in ipngth (Figé. 250-251), but
may be quite narrow (Fig. 251 - lower right) to relatively broad (Fig. 251, upper).
Calyptrae with a thicker rostrum are readi.Iy confused with those of E. rhaptocarpa.
particularly if a fringe is not presént.'Mature capsules are. generally constricted beneath
the rim and narrowly elliptic-cylindric (Fig. 252 — upper left and right); however, it is not
uncommon for populations to lack this constriction and to be cylindric in shape (Fig. 252
;Iower). The capsules are irregularly wrinkled, evenly and delicately striate, unevenly
striate or furrowed with rather well—defined ribs (Fig. 252). In this latter situation, the
capsules approach those of 'typical E, rhaptocarpa This variability in some of the critical
character—states makes it difficult to define E. spathulata structurally, particularly in
relation fo the closely related taxa of the E. rhaptocarpa—E. vulgaris complex, but does
nét negate the validity of recognizing this taxon at the specific level.

(2) A collection ofiw from Montana (H_Q_I_Q___Z_S_ﬁ_ ALTA) consists of
some plants W|th leaves in ‘which some or all of the upper laminal cells are more=or-—iess
smooth (for a more complete description and.illustrations, see Horton (1878)). Whil€ this
parallels the condition of the upper leaf cells of Bryobrittonia, it is considered to be an

isolated occurrence that has no reflection on‘»th’e generic status of Encalypta and
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Bryobrittonia (see discussion under Conspectus of Genera of Encalyptaceae).

Phylogenetié Relationships: The "warty" spores of E, spathulata indicate that it is allied
to the E rhaptocarpa-E. vulgaris complex. Encalypta spathulata is most closely related to
E. flovversiana (see Phylogenetic Relatnonshnps of E flowersiana) and to E. r_nap_tggaj;pa
Eng;a]_yp;a rhaptocarpa parallels E  spathulata in the characteristics of pilicate,
- moré—or—iess ribbed capsules, red seta and leaves with a long hair—pointed apex.
Furthermore, the forms of £ spathulata with the calyptra more broadly rostrate and
more—or—less erose at the base resemibe E. rhaptocarpa even rr%re closely.

Spqcimens Examined: ALA (2), ALTA(30), BP (7). ki (1), G—-l-hdw.—Schwaegr. (1), H-Sol
(3), Priv. Herb. D. G. Hortan (19), LAU (1), M (B), O (3), PC (2), S (12).

ENCALYPTA FLOWERSIANA Horton, ‘
Bryologist 82: 374, figs. 12-23. 1979,
Figs. 262-271.

Types: "HAITI: DEPARTMENT DF |'OUEST: near summit of Pic La Selle, Morne La Selle, ca.
2675 m. Over limestone . coen, burned-over pine forest with Agave. Wetmore
3129 Holotype - CANM, lsotype — MSC); !mshw ! 9 (Paratype. — CANM)
GUATEMALA: DEPT HUEHUETENANGO: along road 4 gion of Chemal, Sierra de ios
Cuchumatanes, at km 36, alt about 3300 m, S_tand]_e_)( |/3090b (Paratypes - F,
FH-Bartram).”,

Diagnosis and Differentiation: E;)_Qa_lyp_&a'flgwgrsiana is differentiated from all other
species of Encalypta by the prominent, vermiform protuberances on the distal surface of -
the polar spores. OtHer definitive features of E flowersiana include the pale-golden, very
vtransluscent éalyptra with a short, narrow rostrum. Capsules are. Iongitudinally striate or
famtly plicate and there is no peristome. The red seta is short, and the narrow, muticous

leaves are lrregularly twnsted when dry. Mlcrosc0p|cally there is a marginal border at the

\
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base of the ieaves and the basal cells are prominent with orange transverse walls. Overall,
the plants of E,_flowersiana are tiny and some populations ére extensive.

Encalypta flowersiana might be confused with some other taxa of the E.
rhaptocarpa-E. vulgaris complex, particularly E_spathulata Character —states of calyptrae
and capsules, and the contorted habit of the leaves of £ flowersiana parallei those of £
spathulata. Populations of E._ spathulata characteristically occur in extensive short—tufts
and this also appears to be a feature of E._flowersiana as the holotype and isotype must
have formed a rather extens:ivg mat. Encalypta spathulata i$ differentiated from E_
flowersiana by hair-pointed leavés Warty, rounded protuberances on the distal surface
of the spores differentiate not only £ spathutata, but also all other species in the E
rhaptocarpa-E. yulgaris complex.

Encalypta flowersiana is superficially similar to _E_myn;;a in character—states of
the talyptra, the gymnostomous capsules and muticous leaves. Encalypta mutica is best
dif ferentiated structurally by indistinctly polar speres with the entire surface covered
more—or—less regularly by: small gemmae. However, these two species are aiso
segregated geographically, as E. mutica is presently known only from north of the
Canada-Unifed States boundary along the Western Cordillera. |

.Description: Plants to 11 mm tali, olive- to yellow—green above, brown below; *
branched. Stem in iransverse section with central strand distinct, cells small,' walls thin
and hyaline. Brood bodies absent Axillary hairs sparse. Leaves when dry incurved and
irregularly twisted, laminae conduplicate to inflexed; 1.8—3.0 mm long, 0.5-0.9 mm wide,
oblong, narrowly oblong, narrowly elhptnc oblong or narrowly hngulate apex obtuse to
broadly rounded and mutucous lower Iéaves smaller mplam _C_Q.ﬁ gubpercurrent

¢

~ abaxial surface keeled, moderately sh;ﬁy traﬂs' ent—gréen to ﬂarkﬂbrown smooth




Figures 262-286. Encalypta flowersiana. Scale=1 mm.
Fig. 262 Habit

., Fig 263’ Calyptrae.
Fig. 264. Capsules.
Fig. 265. Vegetative leaves.

Fig.  266. Perichaetial leaves.
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-Figures 267.-°270. ‘Encaiypta flowersiana Spores. Scale=10 ym.

Fig 267. Distal surface.
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. yellowish, superficial walls smooth, entire to irregularly * perforated; basal marginal g_e[[s

distinctly differentiated in rows. Goniautoicous. Eem;hag_ual ]_e_ale_s + sheatnﬂlike"
Qe_gggma_ jeaves 0.8-1.2 mm long, sheath— Iike and % broadly oblong, abruptly narrowed
to broadly acute apex, muticous; p_e_uggma, QaLap_hms with upper cells entire, walls with
1-3 low, rounded papililae, some smooth.. .

Seta 3-5 mm long, erect to flexuose, untwisted to once—twieted 3extrorsely

near base of capsule, shiny and red; in transverse section 145-160 um in diameter.

Capsule 1.3-2.0 mm long when dry short—cylindric, delicately striate to faintly plioate p

slightly constricted just below rim. puckered basally and abruptly contracted to seta,
pale- golden with pale red rim and striations or plicatidns goiden to brownish when old
dull-brgwn and furrowed; exothecial cells 55~ l45 mm long, 9-23 um wide, in regular,
longitudinal rows,' in transverse section intermittent groups of 1-5 cells with walls
~slightly thickened, '3 um »thiick, other cells with walls thin; rim cells in 1-2 irregular rows,
- 18 um wide, 5-16 um Iong, walls thin; stomata superficial. restricted to capsule base,
35-41 m long. Eens_tg_me absent Qperculum ‘0.7 mm. long, ,convex—rostrate. Angum
undifferentiated. Spores brown polar, in polar view radially symmetric -and circular,
37- 39 m, in equatorial view polarly asymmetric and concave—convex, 37-39 um X 28
pm, proximal face with' low gemmae centrally, radially plicate; distal exine with prominent
. yermicular and war’r.;y1 protuberances; entire surface = granular and pitted between
'protuberances. Qa]y;p_tr_a"Z.B—él.O mm long, narrowly elliptic-cylindric and -dis'tinctly
contracted to slightly‘curv\‘/e.d or erect rostrum that is 0.8-1.0 mm long, cylinder slightly
constricted baeally above short fringe to irregularly, shortly lacerate,_ calyptra

pale-golden to brown distally, shiny and transparent, smooth with few low, rounded

papilla‘e on rostrum; in transverse section cylinder with 2-3 layers of cells with very

thick walls, fringe with 1 row of cells, walls strongly thickened in. superfiCial view fringe

’ 4 cells short- oblong to oblong Qhrgmgsg me m unreported.”

£
-,
5

Habi_tat: When E. ﬂgﬂ_e_rﬂana was described ~.(H'or'go'n 1979b), ii was lmown from o'nly

two . localities. As a result, the; dieouesion of " habitat contained rather tentative

gen_eralizations. Populations were reported to grow on soil in disturbed habitats at high -

elei}atiog),s. However, based u'pon' inferences drawn from the habitat—preferences of the

v
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these. As noted in Horton (1979b),
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closely related E. sna;hula_ta and information on the three presently known localities of E.
flowersiana, it |s possnble to charactenze the habitat of the latter species more

accurately Populations of E_ f_mm;]a have been collected on soil in more—or—less

. forested habitats at elevations of 2200 to 3300 metres. Standley's. Guatemalan collection

is from a dense Juniperus forest and Magill's collections from Texas are from a

Pinus-Quercus—Juniperus forest Wetmore and Imshaug collected _E_ﬂgmﬁsja_na in an

" open, burned-over Pinuys forest with Agave ground cover. in the original publication'
(Horton 1979b), it was stressed that this species had been found at high elevations. While -

this is indeed true, such a statement might be mistakenly interpreted to indicate that_E._.

ﬂgvmr_sjana occurs in. alpine tundra It now seems probable that quite the opposite is the

sntuatlon As the collections of_E_ﬂ_LeLs_ana are all from below tresline, and E. spathulata .

is one of the few species of Encalypta that is restrlcted to forested habitats {see Habitat

under E._ gpathulata), it appears that E. ﬁ_me_[_smna should be looked for in subtropical,

montane regions below the 'up'per elevational limit of trees.

The habitat of E._ flowersiana was originally considered to be rather 'weedy’

" (Horton 1978b), that is, disturbed, irrespective of whether the dis{urbance is caused by

man or natural forces. This conclusion was based upon such associated species as

Anoectangium aestivum (Hedw) Mitt, Barbula convoluta Hedw. Distichium capillaceum '
(Hedw.) B.S.G. and Eurhynchium pulchelium (Hedw) Jenn., and the information that the

holotype collectlon came from an area that had been burned several times. The

suggestion that E_flowersiana grows in disturbed habitats is further supported by the ‘

,species associated with the Texas populations, WhICh include such 'weeds’' as Bryum

a_[g_enmum Hedw. and .B. m_l]a[_dm[_' Schwaegr Eng_auma spathulata is similarly
characteristic of such disturbed habitats as roads;ide ditcties.
As ‘with'_Ei

I it is probable that E_ flowersiana is restricted to highty

calcareous substrates. The holdtype collection from Haiti was cdllec'ge‘@& "..very near the

actual summit” of Pic La Selle, whicP\'..is a small point of dry limestone in an open area.”
(Wetmore m_l_lm While the substrat
Texas is largely igneous, there ar
lime.” (Maglll_l__L) so the collectlo sof E f 1Qwerslana may well have come from one of

he occurrence of such other calmph«les as

in the Emory Peak area of the Chisos Mountains in

also "..very small |solated outcrops of soft chailk or
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Qrthotrichum anomalum Hedw. in the Hushuetenango region of Guatemala (Vitt pers.

comm) indicates that calcareous subStrates occur in the general area where E
flowersiana was collected. r

In more norfherly areas of Norfh Amle“rica, particularly north of the maximum
extent. of Wisconsin glaciation along ‘the Cordilleran axis, most species of Encalypta as
with other northern specues of bryophytes, show less 'restriction with respect to
differences in altitude than vascular plants (Lee & La Roi 1979). However, farther south,
as in Mexico and Central Amernca where species richness of such northeu;n g)enera is
dramatically reduced, the "northern” spec»es are restricted t6 tundra- rﬁbltz:tsv For
example, pOpulatlons of E_ciliata occur primarily in forested habitats but also in  tundra in ”
northwestern North America, but in tropical and subtropucal regions they are restnc'ted to '
the aipine zone. In contrast, _E_ flowersiana is not known from tundra habitats, although it
appe"ars to be restricted to montane regions. As this species is known from several
relatively widespread localities, tHis indicates that dispersal of some species of Encalypta
is effective in montane, forested habitats of subtropical regions. Therefore, ineffective
dispersal is probabiy_not the reason that such "northern” species of gngajlp_ta as E_ciliata
do not occur at lower elevations. Their restriction to alpine habitats may be a function of

>

competition ot reflect a lack of appropriate habitats at lower altitudes,

Dlstnbutnon Eng_a_lxpja _Msa_na is restrncted to the New World. It is reported from
southern North America in the Chisos Mountains of Texas, in Central America from-the
Sierra de los Cuchumatanes in Guatemala and in the Greater Antilles from Pic‘La Selle in

»

Haltl (Fig. 271). .
Encalypta M@a was described on the basis of collections from Guatemala
and Haiti (Horton 1979b) and has been reported recently from the Texas locality (Horton
1880). In the original publication, it was suggested that E. flowersiana probably aiso
occurs in the mountains of -Chiapas, Mexico, but not in the Central Volcanic Highlands.
While | would presently concur with both 'statements, it can be added that it is not be
expected in the Central Volcanic Highlands becaﬁse_fhe substrate is not calcareous.
Encalypta flowersiana should-also be Iooked for in forested habitats on Cerro Potosi

where the underlying rock is reported to limestone {Delgadillo 1971). The importance of

2 Cden



Figure 271. Distribution of Encalypta flowersiana.
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looking for £ ﬂmgmana in forested and not tundra habltats is stressed.
The structural similarities bétween _E,_ﬂm_amana and E spathulata are so striking

as to suggest derivation of one/ taxon from the other. Furthermore, the distribution

patterns of these two species, relative to one another, provide evidence that E.
flowersiana evoived from £

a very restricted distribution may be considered to be either very old or very young. As

as a result of geographic isolation. A species with

E. spathulata is rather widespread in Europe and also occurs in North America, while .
flowersiana is restricted to/localities in southern North America and Central America, it is

more probable that E_

is the younger, more recently evolved species. In North
America, £ spathulata [s presently known from western Montana, southern British
Columbia and southwe tern. Alberta. This is a markedly restricted distribution both by
comparison to most
distribution in Europeg. Thefefore, | think it probable that the present North American
distribution- of E. ‘spathulata is relictual and that this species wae formerly more
widespread on this Continent. Its distribution pattern is similar to a group of species that
. are tolerant of desiccation, several of v\:/hich extend as far south as Texas (Schofieid
1980). However, E. spathulata appears to be less tolerant of desiccation than some of
these species (Horton 1878c). Therefore, it isb‘possible that with the drying_ of the interior

of North Amelica in the Tertiary, southerly populatidns of E._spathulata became isolated.

Encalypta flgwersi may have evolved somewhere in southern Texas or adjacent

Mexico in Tertiary times.

[
Variation: When E_flowersiana was originally described (Horton 1978b), this species was
reported to be characterized by a well—defined fringe; however, the more recently
discovered popdlation frem Texes ha.s the fringe indistinctly defined and more like that
described from some populations of E. spathulata Therefore, it appears that
development of the calyptra fringe of _E_ f_mé_ﬁﬂang is snmnlarly ariable as it is in E.

spathulata.

Phylogenetic Relationships: While the structure of the distal surface of spores of E.

flowersiana dlfferentlates thls% specnes from all other taxa in the E. r f_‘@p Qcar pa E

her species of Encalypta (Horton 1879¢) and by cemparison to its-
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1
vulgaris complex, ihe fundamental similarity in the strucfure of the two different
spore-types is apparent Therefore, E. flowersiana is considered to, belong to the E.
mm:& vulgaris complex. Within this complex, E. flowersiana is most closely
related to E. sp_amm_a;a As noted under Diagnosis and Differentiation, E. ﬁgmmana is
virtually indistinguishable from E. spathulata except in halr—pomted leaves and superficial
spore structure
The striking similarity betwe_en E. flowersiana and E. spathulata both structurally

vand ecologically raises a quc;stion as to the taxonomic status of the more recently
described taxon. Encalypta flowersiana |s presentl;lknow,n from three rather widely
separated localities, yet the definitive character—states of spores and leaves are found in
populatlons from all three. ‘There are no collections that appear to be intermediate in the
features that dlfferentlate E. flowersiana from E, gpathulata. As well, these two taxa are
isolated geographically. Therefore, based on structural discontinuity and geographic
segregation, the _spe_cific stétus of E_flowersiana is reaffirmed.

‘Specimens Examined: CANM (2), F (1), FH-Bartram (1), MO (2), MSC (1). annotated key to
 the taxa Phytologia 44:177-214. | | '

ENCALYPTA INTERMEDIA Juratzka in Juratzka et Milde,
Verh. KK. Zool.-Bot. Ges. Wien 20: 595. 1870.
Figs. 272-276.

Types: "In monte Berytdagh Cataoniae ad 7000 et p. Kharput in rupib. silic. {1865)"
(Lectotype: "Professor C. Haussknecht Iter orientale 1865 Encalypta intermedia
Juratzka sp. nov. Kharput in rup. silic. 4000’ dieb. Oct” W!; Syntypes: W-Juratzka (2

specimens, in part)).

Diagnosis: One of the most characteristic features of‘ii_rltg_r_m_e_d_ia is that the seta is soO
short (1-3 mm long) the calyptra rests on the uppermost leaves. Similarly, the rostrum of
the calyptra is short (0.8~ 1.0 mm long). The opaque calyptra is golden and more—or-less

{
PR
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densely papiljose with the base of the cylinder entire. Capsules are gymnostomo@ﬁ\/'
furrowed with pale-orange or 6range ribs. Around the mouth of the capsule there is a
relatively broad, stiffened bénd and the cylindric shape of the mouth does not change
with age. In aimost all of the Nérth American populations the leaves are ~muticous with a
rather inconspicuous costa ending well below the apex; however, in a few populations
from northern British Columbia and the Yukon Territgry the Ieéves are apiculate with an
exéurrent costa. The basal cells are more—or—less prominent with yelldw to orange
transverse walls that angle out'fr‘om the costa ?n a "v'—shape. There are more—or—less
prominent verrucae on the distal surface of the spores #&d some have an indistinct
triradiate mark on the proximal surface.

d , 2
Habitat. Encalypta m_tgj;mg_dla_s,_s_t[y as described above, appears tb have very narrow
tolerances with respect to habitat, at least in North America. It grows in the crevices of
calcareous outcrdps; generally on the underside of an overhang. |
Variation: Encalypta intermedia was described on the basis of specimens collected in
Persia and the Caucasus by Haussknecht in 1865. It is quite widespread in North America
(Fig. 277), although it is more frequent and abundant in warmer, drier and éoutherly
I_ocalities. En_c_a]yn_ta jmg[mg_dja.occurs as far northward as Scandinavia in Eurasia, but is
most prevalent in Mediterranean regions. It has never been recognized as a distinct
spgc'ies except by the original author, and is seldom mentioned, even as a subspecific
entity, in the major European fioras. In North America, E. intermedia has generally been

considered to represent part of the variation inherent in £ yulgaris (Coker 1918, Flowers:

1938, 1973, Lawton 197 1. While E. intermedia s. str: (see Diagnosis) is’ distinct from
> both E. rhaptocarpa and E. vulgaris, there is a taxon that occurs: throughout the range of
E._ intermedia in North America that combines features of both E. intermedia and E.
map_ggga_cp_a The seta is always short, as in E. intermedia’ but a peristome is present in

some populations and the leaf apex is either muticous or hair—pointed. Furthermore, this
taxon occurs in a different habitat than £._intermedia s str. Ge_neraHy,vit is not associated
with rock outcrops, but occurs on soil in treeless, exposed habitats in prairie or tundra

regions. Also, the substrate may be calcareous, but it is frequently subneutral. Many



Figures 272-275. Encalypta intermedia Spores. Scale=5 ym.

Figs. 272-273. North American population.
Fig. 272. Distal surface.
Fig. 273. Proximal surface.

Figs. 274-275. Turkish population.
Fig. 274. Distal surface. a

Fig. 275. Proximal surface. -

~
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Figure 276. Distribution of g%-upu intermedia in North America.
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R

populations of this taxon are difficuit to dift"erentiate “from thdse’ of E. lnIEI:mz;ﬂa and

from stunted arctlc and antarctic populatnons of E_rhaptocarpa Studies are in progress

to determme lf this taxon is an environmental modiflcatlon of _E._ meﬁ_dja or ifitisa

©

distinct ‘-ent|ty.

\

ENCALYPTA VULGARIS Hedwng.
Spec. Musc. 60.1801.
Figs. 242, 277-280.
Types No types cited; reference made to previous publlcatnons {Lectotype: "Bryum
gxnmjggmm anthera erecta oblonga mmorl calyptrls laxis aequahbus Lmn Sp. pl 2.
p. 1581. 5. Bryuf'n calyptra extmc?orir fbr;n_a minus Dm Musc 349 t 45 f. 8 Enc
vulgarns Hedw. St. Crypt. P 46 t ;&hﬁ Hedw Schwaegr ') ’ '

PN

Diagnosis: The most striking feature of E.,lujgans S. Str. is the shiny, goiden—brown costa

that forms a

Engaup“_ta 1u|ga_|§ is also haracteruzed by a more—o r—less opaque pale-golden calyptra

 with a well defmed ‘narfow rostrum The' base of the cyhnder is either erose or entire.

Capsules are smooth to delicately striate -and lack a perlstome The seta is moderately

long (generally 4 7 mm) and yellow to orange or red. Leaves are muticous with

" u

L4
mconsplcuous basal gells, whtch extend %ytwardsp from the costa at a "v’'—shaped angle
v&
Tha'e are more—or-—less prominent verrucae on the distal surface of the spores and

narrow, radial plicae on the proximal surface. ' |

Variation: See discussion under E _rhaptocarpa '

rominent keel on the abaxial surface of the leaf almost to the apex. .

8
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’ Flgures 277-280. Encalypta. vulgans Spores
o Figs. 277 & 279. Distal “surface.

Fig. 277. Scale=5pm.

Fig 279. Scale=1 p‘J

Flgs 278 & 280 Proxisfal surface.
Fig 278 Scale=5pm.
Fig. 280. Scale=1um.

L‘N
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ENCALYPTA ASPERIFOLIA Mitten,
J. Linn. Soc., Bot. 12: 181.:1869.
Figs. 281-290.

Types: "Andes Quitenses, in saxis prope oppidum Guano (3000 ped)} Spruce, n. 150b.

- Andes Peruvianae, Cerro Pasco, Mathews.” (Lectotype: "E. asperifolia Mitt. M. A. Am

181 Huano Spruce 'Guano’. no 150b" NY-Mitt! Isotypes: BM!, H-Sol; Possible
Isoty.pe:. BM-Hook.; Syntype: NY-Mittl). i

Encalypta gmggsa C. Mulier, Linnaea 42: 354.°1879. Type "Argentihia subtropica, ‘Cuesta
de Pinos inter Bariramiam S.ILLC.LUS.Q!IL ined., 27. Majo 1873 c. fruct maturis.”
{Specimen not found — destroyed in B?).

Encalypta vernicosa Schimp. ex C. M(’JII., Nuovo Giorn. Bot Ital. 4: 49. 1897. Type: "Bolivia,
prov. Larecaja, Sorata, Apacheta de Chuchd, reg. alpina, 4500 m. alta, Martio 1856: G.
Mandon. @Igct N 1626." (Lebtotype: "G. Mand.on. Plantae Andiu_m Boliviensium. N°.
1626 Encalypta vernicola Schpr. Hab. Prov Lareca&a Viciniis Sorata: Apacheta de
Chuchu, in scopulosis. Alt Reg. alpina 4500 . Mart. 1856." BM Hook.; Isotypes.
BM-=Schimp.!, G-DC\)).

Nomenclatura®‘Notes: (1) The potential isotype of E aspgrifolia in De Candolle’s
herbar:urm%(Spruce Musci Mazomc; et Andini. No. 150()) ig a ‘Tortula species.

Therefore, it is not considered p%rt of th&&ype. 4 . ;{@ iﬁ

Wi

(2) Although the specific ep;thet of E. vernicosa is mns—spelled as vermcola on the

specimen in Hooker's herbarium and that in De Candolle’s. Egerbanum, the rest of the label

information 'éorresponds precisely to that published'by Mblier (1879). In contrast, while )

AN

-the epithet is correctly spelled on the specimen in Sch:mp@rs herbaruum the collection
number is dlfferent and the Iabel information includes only * Encalypta vernicosa Schpr
Bolivia Chuchu. Mandon 62 14 Mars 56" Therefore, | have selected as the lectotype a
specimen in Hooker's -herbarium because it seems most likely that MUller based his

deséription upon one of these exsiccata specimens. It seems possible that the collection

number cited on the specimen in Schimper’s herbarium is an error for 16286, as cited in

L4
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the original description. Therefore _this specimen is probably an isotype.

There is a second specimen from Chuclfy Bolivia in Schimper's herbarium.

Presumably this is a duphcate of the. isotype of E yggmg_gsa cited above because the |

locality and data are the same, although the collector's name and number are not cited on
this specimen. Thyge collection is desugnated i_lammmm;ym, but the name was hever
publnshed

(3) I have been unable to trace a spﬁmen of E_ gmg_s_aJ but it is considered
synonymous wathiagp_e__fg_ua on the basis of the original descrnptlon Mdller described
muticous leaves with a scabrous costa.. This combination of features characterizes

. neither E._ armata. E ciliata nor Lmapmg_ama, which are the other species of Enga_yp_ta

known to occur in this region of South Amerlca

important charactd

taxa in the£~ hap '

>a short frmge of very narrow segments that are also paplllose in some populations
Iture that | have not.observed in any other species of Encalyptal, t?he gymnostomous
osu‘le, muticous leaves witn a prominent, golden to dark—brown costa, and spores with
"”argé, warty vprotubera‘hces on the distal surface. Some microsncopic features also seem
Iess subject to variability. The basal cells form a fairly extensive, well—defined'Agroup with
the Iongitudinal and transverse walls generally dark—orange. A marginal border of five to
e|ght rowsalé cells is dif ferentiated adjacent to the basal cells and the papi-llae on the
abaxial walls of the transitional cells extend down to the basal cells.

ﬁ: asperifolia might be confused with three other sp‘:ues of Encalypt a_
ﬂ‘f‘%t are/;d’resently reported from South America, E armata, E. ciliata or _&_r'lap_o_c_a_ma or
with two others, E. flowersiana known from southern North America and Central
America, and E. vulgaris known from southwestern North America in the New World.
-Encalypta armata parallels those"forms of i gsge_r_lig_@ with a calyptra with a short
rostrum a furrowed and nbbed‘capsule and a very short seta. It is best differentiated by

the long spines {up to 165 um Iong) on- the back of the costa. By compar:son in B

©

=
g
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Figures 281-285. Encalypta asperifolia Spores. Scale=1
281. o
282.
283.
284.
285..

Fig.
Fig.
Fig.
Fig.
Fig.

Habit.
Calyptrae.

Capsules. , .

Vegetative Leaves.

Perichaetial leaves.
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Figures 286-289. Encalypta asperifolia Spores.
Figs. 286-288. Scale=5um. '
Fig. 286. Distal surface.

Fig. 287. Proximal surface.
Fig. 288 Tetrad. |

Fig. 289. Proximal surface. Scale=1um.
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asperifolia the longest scindulae are only 46(80) um long. Also, in £ armata there are no

_ papillae on the back of the costa, the papillae on the transitional cells do not extend down

to the basal cells and the basal cells are less clearly defined because the walls are pale in
color b\} comparison to thos; of E asperfolia More subtie differences ére that the
rostrum of the calyptra in E.armata appears narrower and more distinctly defined than -
that of_E_asp_eﬂf_Q_Ua and the calyptra, 5apsule and leaves oﬁE..aLma;a tend to be shorter,
thus the plants appear smaller than those of E._ agggﬂjgha

The fringed calyptra of E,_ciliata. the smooth capsule and leaves with' a prominent,
golden or dark—brown costa that is smooth give these plants a facies that strikingly
resembles some populations of E. asperifolia. Many South American populations of E.
ciliata have a nr)ore—or-less weli—developed. peristome and the costa excurrent as a
mucronate tip; neither of thése features occlrs in E. asperifolia (one population with
leaves with a short, blunt mucro was observed, t” the mucronate tip was formed by the
lamina, not the costa). All ﬁopulations of E ciliata have the leaf margins recurved in the
lower one—half when h&fs{ened and when dry. In £ asperifolia some leaves are narrowly
r‘eflexed in the lower one-half' when dry, but theylare always plane when moist. Spores
of E. ciliata lack the warty protuberances chafa‘cteristic c;f_Ebaspﬂj_f_Qlj_a and are defined
by prominent plicae that radiafe out froni a more—or—iess distinct central depression on-
the distal surface. |

in South*Americ rms of E. rhaptocarpa have a peristomate capsule and
haif—p“pinted ieaves, so ére,quite distinct from E_ agae_rl_fq_l_@ Hov;/ever':'-other forms with a
gymnostomous capsule that is furrowed and rlbbed and Ieaves that are muticous are
more difficult to distinguish, partlcularly since - they have the same spore-type as £
asperifolia These are best differentiated by the imooth calyptra that is entire or erosye at
thg base and lacks any suggestion of a fringe, and {he costa that hardly keels the leaf and
is green to reddish—brown in color. ‘

Encalypta flowersiana is superficially similar -to E. asp_euig_h_a in the fr‘inged 8
calyptra, gymnostomous, furrowed capsule, sh‘ort seta and muticous leaves, but the

U
spores with veﬁni’form protuberances on the distal surface are quite different.

- Encalvpta vulgaris is very difficult to differentiate from K. asperifolia as the two

A
taxa parallel one another in a number of important characteristics. The scabrous costa,
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that defines many populations of E asp_e_uf_Qua does not occur in E mlgmm an& thm
calyptra 'nixu]gm is either entire or erose at the base, not fringed as in £, i

Description: Plants to 40 mm tall, yellow- to oli\./e-green above, brown beiow, +
branched. Stem in transverse section with gentral strand present but indistinct. Brood
bodies absent. Amj_l_a_x hairs sparse Leaves when dry incurved and regularly dextrorsely
twisted or irregularly contorted, laminae conduplicate, apex * cucullate; 3.0—-5.0 mm long,
1.0-15 mm wide, Qblong, some * constricted in the middle;, to obovate- or
ovate—oblong, apex broadly acute to obtuse, muticous or (in few) broadly mucronate;
margins plane to narrowly reflexed in the lower Ralf when dry in some. Costa
subpercurrent, ends 7-;15 cells below apex, or percurrent, abaxial surface prominently
keeled, * shiny in the upper‘ half,ldull basipetally, yellow to dark-brown, smooth to
- scindulose in the upper half and papillose basipetally,Ascindulae up to 46(80) um long,
hollow basipetally, papillae tall, some "0"—-shaped, much—branched; in transverse section
with 3~4 rows of ventral cells, begleiters differentiated in small cluster, lumina small,
8-9 rows of stereids. ,UQ,Q_QL laminal cells 12-18(20) um wide, 12"20/1"1 long, with 5-8
papillae per cell, each * "c"—shaped; upper marginal cells 1416 ym wide, 8-12 ym long;
transitional cells with walls on abaxial surface papillose to basalcells, papillae larger than

- on upper cells with Ionger branches, not "c’—shaped, on adaxial surface walls smooth
above basal cells; basal laminal cells 14-50 ym long, 12-20mm wide, in large, promineh;,
group transverse walls dark—orange to orange,, Iongitudinal walls dark—orange to orange,
superfuc:al waHs smooth except on abaxial surface near transitional cells, entire or

|rregu|arly + perforated basal marginal g_e]_lg dnstmctly differentiated in 5-8 rows.

Autoicous. EQ_;_Qhag_m_ leaves broadly ovate- or eliiptic— oblong, apex broadly acute to (in

few) broadly mucronate; perigonial leaves 0.9-1.0 mm long, broadly sheath—like betow,
quickly narrowed to acuﬁ apex; perigonial paraphyses with cell walls smooth.

. Seta 1-5 mm long, erect to flexuose, slightly twisted dextrorsely just below
capsule, shiny, yellow or oranée to red near capsule, to dark-red; in transverse section
150 um in* diameter. Capsule (1.8)2.7—:;».5 mm, when dry cylindric and smoofh or *
longitudinally furrowed, contracted to moﬁth or * constricted just below moUtH, slightly

twisted and puckered, abruptly contracted to seta, pale—golden, some: with brange ribs,

e
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narrow red rim at mouth, when id + strongly furrowed nzsg.tb.nsml cells 70-140 4m

long. ‘i8 23 um wide. in longitudinal rows, in transverse section superficial walls slightly
thickened, more so on capsule ribs; rim gcells differentlated in 1-3 »rregular rows,
7-14{18)um long, 9- 16 um wide, walls somewhat thtckened smmaxa scattered t0- 13
superficial, 46 ym long, 35 um wide. Peristome absent Qp_amuh;m plane—convex  and
" rostrate, 1.0- 1.3 mm long. Annuluys undifferentiated. Sporas brown, E\eterobolar, 35-44
pm in polar view, 28 um X 35-44 ym in equatorial view, distal :ul;facevWith large, ~hollow

gemmae, 2.5-6 um in diameter, proximal surface wiMal plicae, + granular centrally.

Calyptra (35)45-52 mm long, extends well belisdacenysule, cylindric to narrowly
elliptic—cylindric, * distinctly contracted to slightly Wd rostrum that is (0.9)1'.‘1—’_1.4

mm long, cylinder puckered throughout, = c%ed basally and fringed, fringe
segments short and narrow, readily broken off, ~izﬂypt’ra golden tq dark—brown distally
with rusty streaks or patched on cylinder in :&w opaque, somewhat shiny, * densely
papillose inciuding the fringe segments, papilise branched or simple; in transverse section
of cylinder 2 rows of cells wi"th small lumina, walls very thick. thmg_sgmg number

unreported.

Habitat In my experience, E. asperifolia grows in much drier habitats than most ofher
species of Encalypta Otherwise, the habitat is quite typical and pépulations occur on sail
on rock outérops and in tundra habitats. The data on substrate preferences of E.
asperifolia are limited, but indicate that it occurs on highly calcareous substrates as well
as slightly aéidic. Results of analyses of soil samples collected with E, agperifolia in the
vicinity of ana are as follows: pH ranges from 6.2 to 7.3 with a mean of 7.0 (n=7); Ca*
concentrations range from 156 to 342 ppm with a mean of 236 ana sd. of 74§h=5); and
Mg** concentrations range from 4 to 10 with a mean of 7.2 and s.d. of 2.4 (n=5). The
Ca** concentrations are as high ad those found for any other species of Engalypta while
the Mg+ concentrations are strikingly low by comparison to other ‘species of Encalypta
that occur on substrates with high Ca** concentrations in North America (see Figs.

300-302, Table 9)

Distribution: Engaup_ta aspgr_lf_gm is endem}é to South America It is almost certainly

¢



371
'
W

&

restricted to the Andes and is known from Ecuador, Peru, central western: Bohvna and

Tucuman provmce of Argentnna (Fig. 290).

In the mbuntains in the vicinity of Lima in Pery, | have found E._asperifolia to be

relatively common and the.populations are frequently extensive. In all likelihood, it is
‘ simiiar'f’y common throughout its range and the disjunctions between localities (Fig. 290!
reflect disjunct collecting. localities. Encalypta asperifolia is to be expected from

Colombiﬂﬁd Chile. as well as more’ southerly localities in Argentina. N

Variation: As noted above. there is considerablel_Aintarpopylational variation in E
asperifolia The rostrum of the calyptra is .more—or-less abruptly narrowed frém &1e
cylinder. and is moderately long {1.4 mm) in some p0pulatior;s and quite short (1.1 mmj in
others. Capsules are either long, smooth and goiden or short and ‘more—or—less
-‘Iongltudmally furrowed with orange or red ribs. The seta varies from short (4 mm) to

very short (1 mm) and from orange to dark-red. In some populations the costa is

perfectly smooth on the abaxial surface, but it is strongly scabrous in others. There are.

correlations in the occurrence of some of these character-states, but the condi{ion of
the costa appears to vary more—or—less independently. Populations with long, smooth
capsules have a long-rostrate calyptra and a long seta. Plants with>such characteristicis
are very difficult to dlfferentlate from E. vulgaris. particularly if the abaxial surface of the
costa is smooth .and shiny. Specimens characternzed by these features have been
collected throughout the known range of E asperifolia At the other exfcreme are those
populations with short, furrowed capsules, short setae and.é shor‘t.—rostrate calyptré
same of which are very close toiarma;a These are known only from niore southerly
Iocalmes\ Lwnthm the range of Lasp.&pip.ua For example, the specimens of E. vernicosa
and E_lampromiticum in Schimper's herbarnum approach E_armata more closely than most
other specimens of E. asperifolia and they are -from one of the more squthquy localmes
(Bolivia) for E._asperifglia The scinz:lulae are up to 80 microns iong on ~t‘he back of the
costa, and the calyptrae, capsules and setae are all shorter than in any other populations
of E.asperifolia, < |

The potentlal taxonomnc s:gnmcance of thesexiswence of forms of _E_wn
that are structurally similar to £ vulgaris and others that closely paraliel E_ (fmu

4
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Figure 280. Distribution of Encalypta asparif'oliﬁa.“

.
-

i S



373

No. 103

SOUTH AMERICA

-3
e
R
3
- H
i
2
gl ~l
¢ 5~ 18
w.m*m M
L M m
-2
o 2 c
a

¢
.

GOODE BASE MAP SERIES
DEPARTIENT OF SEOMANY
THE UMIVCARITY OF CaCASO
ot i PN, OATOR



374

apparent wheh the distribution patterns of these three taxa are considered. Encalypta
ygjga_u_s is presently known from southwestern North Amenca in the New World and E.
armata is endemic to southwestern South America. In between, E asp_e_m_gha ranges .
through westcentral and northwest South Amerlca Therfore,.it mlght be suggested that .
E. asperifolia represents nothing more than a series of forms that are intermediate
between E. yulgaris and E armata However, E asperifolia and E. vulgaris are-
geographically isolated and even tr;e forms of E. asperifolia that are most similar to E
vulgaris ‘are differentiated by the features noted in Diagnosis and_Qirferentiation. ‘
Similarly, the sp'ecirr\ens'of E. vernicosa and of E. lampromiticum are charaCterized by
" some attribetes of E asperifolia that do not characterize E. armata The scindulae are
considerably shorter than those found mi_ a_maxa the abaxial surface of the costa is
pap|l|ose below the scmdulae the basal cells are clearly defined by dark- orange walls,
‘and the papillae on the abaxial surface of the transitional celis extend down to the basal

cells. Therefore _E_awLa E vulgaris and £ a_m_a;a are regarded as speCIflcaIIy
| distinct. ’
Phylogenetlc Relationships: The warty _spores of E. asperifolia establish that it belongs
to the E. mapjgga_r_pa_& vulgaris complex. Among the taxa that are characterlzed by such
spores, _E,_a_sp_e_j_f_o_l_la appears to be most closely related to E. armata and E. vulgaris.
Features that each of these species have in common with ,E_agp_eg_o_La are dlscueeed

under Diagnosis and Differentiation, and Variation. -

g PN .
. ’ -

a

Specimens Examined: ALTA (20}, B (2), BM (4), F (1), FLAS ‘(3), G (1), H-Sol {1), Priv. I-jerb.
P. & E. Hegewald {17), Priv. Herb. D. G Horton (7), JE (7), MO (2). NY (5).
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ENCALYPTA ARMATA Brotherus in Dusén, -

"Ark. Bot 6: 32, pl. 12, figs. 12-14. 1906.
", Figs 291-296. s

Typ'e: "Argentina ad coloniam <« Los Americanos» haud procul a ldcu Nahu-el‘ﬁ\aapi sitam in
fissuris rupium.” (Lectotype: "Encalypta armata Broth Argentina, " |ac.' Nahuelhuapi in

- fissuris rupium. julio 7a. 1897. P. Dusén" H-Br!; Isotypes: PC!, S—-Dusén!).
Encalypta berthoana Ther., Rev. Chilena Hist. Nat. 27: 10,pl. 11, figs. 3a—c. 1923. Type:
"Cajdn del Cepo, Cordillera de las Condes (leg. .Berthc'), oct 1919)" (Lectotype: "122.
Encalypta Befthbana Ther. sp. nov. Chile: Cajon del Cepo Cordillera de las Condes

{Santiago) leg. P. M. Bertho, oct. ‘19,19‘”\ PC!; Isotypes: H-Brl, W!).

No’rﬁenclatural Notes: Dr. Pekka lsoviita haskkindly informéd me (in litt) that there is a
letter (dated March 9th, 1906) in Helsnnkl University Library from Per -Dusén thanking
Brotherus for the descrlptlon of_E_ame Therefore, Brotherus is considered to be the
author of the descrlptlon and the citation is E_ armata Broth _m Dusén, rather than _E_
a_ma_;a Broth. gx Dusén.

Diagnosis and Differentiatibn' The most striking feature of _E;Lma_ta is that tr;e back of
the costa is covered by long, splny’ projectiong {up to 165 um long). Presumably these
hyaline spines provided the inspiration for the specific eplthet although they are silky and
quite harmless in appearance Shorter spines occur on the rostrum of most calyptrae but
a few are quite smooth. Eng_a_ygga armata is also characterized by the pale, transluscent
calyptra with a short, well—defined rostram. ‘The ‘base of the cylinder is slightly
aonstricted and most are!-e’rSse, but there are one or two in the collections ayailable that
have some short segménts suggesting that a fringa is present initially. The capsules are

longitudinally furrowed with. the ribs colored orange in some and while there is-no

peristome per se a na'rrdyv rim of whitish tissue occurs just inside the mouth of the

capsule. This tissue is divided longitudinally into truncated segments?iand‘is‘very sparsely
X SN
papiliose on the outer surface so it presumably arises from peristomial layers. In _&

armata the seta is very short approxumately one or one and one-—half smllhmetres fong.

M
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The short, broad leaves with a rounded, muticous apex have a relatively small group of

basal cells that\\ere inconspicuousbecause‘ the transverse walls are very pale in color. The
walls of the transitional cells are smooth well above the basal cells and there is a broad,
basal marginal. border. The brown, heteropolar spores have large, gemmate
protuberances on the distal surface, as are cvharacteristic:: of the E. rhaptocarpa—E
vulgaris complex. . ' . . .

-

The distinctive "warty” spores of E.armata readily differentiate it from most other
species of En_c_a]ypja except those in the_E_maijQaLp_ai vulgaris complex. Within this
group, the llong spines“ on the abaxial surface of the cost separate E armata from all
other taxa. The only confusioh might be with E; asperifolia \some populatnons of which
have very short spmes on the back of the costa. However, there are also papiliae on the

costa in the region of the transitional cells and these do not occur in E. armata. Also, in E_
asperifolia the basal cells are prominently colored and the papillae on the abaxial surface _

of the transitional cells extend down to the .basal ceiis.

.Description' Plants to 13 mm tall, green to olive-green above, y‘ellow—brown to brown
below + branched. Stem in transverse section with central strand undif ferentiated. B__o_mi
bgd_es/absent Axillary haits sparse. Leaves when dry appressed, incurved and * twisted
irragularly, laminae incurved to conduplicate; 2.0-35 ‘mm long, 1.0-1.4 mm wide,

lingulate or ovate-lingulate to oblong, ovate‘—oblong or lingulate—sp-athulate, apex
rorJnded slightly retuse in some, muticous; argnng plane. Costa subpercurrent, ends 3-6
cells below apex, or percurrent, abaxial surface prominently keeled, \somewhat shmy

golden to brown, covered particularly in upper two-—thirds with long spmose projections,
up to 165 um long, simple and holiow ba_sipetally, few shortly branched apically, *
smooth basipetally; in tran.sverse section with 2-3 rows of ventral cells, begleiters
undifferentiated, 3-4 rows of stereids. Upper laminal cells 14-18 um widg, 14-18(25)

"ot

Am |ong with 4-6 papillae per cell, each * "c"—shaped; upper marginal cells 16-18 um
wide, 9—14/Am long; transitional cells with walls on both surfaces smooth well above
basal cells; pasal laminal cells 23-58 yum long, 14-20 um wide, in small,.inoonsp'icuous\
group, transverse, walls yellow to pale—yellow, longitudinal walls hyaling, superficial-waHs

“smooth, entire or irregularly + perforated; basal margma cells in broad band. AutOIcous

-



Figures 291-295. Encalypta armata. Scale=1
291.
292.
293
294
295

Fig.
Fig.
Fig.
Fig.
Fig.

Habit
Calyptrae.
Capsulés.

Vegetative leaves.

Perichaetial leaves.
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Perichaetial leaves lingulate—spathulate to lingulate—eliiptic, apex muticous, very shortly
mucronate in few; perigonial leaves 0.9 mm long, broad and sheath-like, quickly
narrowed to broadly acute, muticous apex; p_ar_mgmal paraphyseas with walls smooth.

Seta 1.2-1.5 mm long, erect, slightly twisted dextrorsely near capsule, shiny,
orange to red, darker near capsule; in transverse-section 120 p.m in diameter. Capsule
(1.2)1.8-2.2 mm Iong, when dry cylindric and longitudinally furrowed, * constricted in
lower part then puckered and quickly narrowed to seta, pale—golden to golden, some
with orange ribs, narrow red rim ‘at mouth; gxothecial cells 4692 pm long, 16-35 um
wlde, in longitudinal rows, in transverse section superficial walls thin or somewhat
thickened on ridges, 9 um thick; rim cells differentiated in 1-2 irregular rows, 7-12 um
long, 12-16 um wide, walls somewhat thickened; stomata scattered, 7, superficial,
30-39 pgm long, 35-44 um Wide. Peristome absent or vestigial and consists of very

narrow rim of white tissue divided into truncated segments. Qperculum not observed.

o e
‘hl ~

Annuiys undifferentiated. Spores b!ﬁ %"{.f

polar 32 37 pm in polar view, 25um X

32-37 pm in equatonal view, distal fa PN large, gemmate -pry 85 3-7um in
“diameter, proximal face with fine radial plicae and centrally ah e r&eous granular
deposition. Calyptra 3,0-45 mm long, extends well below the capsule, distinctly
cantracted to slightly .curved rostrum that is 0.9-1.0 mm long, constricted or contracted
at base of cylinoer * erose, narrowly lacerate or fringed, fringe segments short and
narrow calyptra pale golden to dark brown at tip of rostrum transiuscent, shiny,
smooth throughout or with short spiny projections on rostrum and smooth bas;petally in

transverse section of cylinder with 2 rows of cells with small lumina, walls very thick.

Chromosome number unreported

Habitat. The only habitat information presently available for E. armata is the notation on

the type collection "..in fissuris rupium.”

Distribution: Encalypta armata is endemic to South America and is presently known from
only two localities on the basis of the type collections of E. armata and E. berthoana The
former is from Lake Nahuel Huap! in western Argentina very near the Chilean border and

the latter is from Las Condes along the Molina (or Cepo) River close to Santiago, Chile



380

(Fig. 296).

Phylogenetic Ralatiénships: The warty spores with hollow gemmaé indicate that £
armata belongs to the E, rhaptocarpa—E. vulgaris complex. Within this group, the calyptra
with a well—defined rostrum a\nd erose base with short segments suggestive of a fringe
are features shared with E asperifolia As well, some populations of Lamfau_tgjm are
characterized by short spines on the back of the costa, a features known to occur in no
other species of Encalypta The prominent, brown or yellow costa of E_armata and the
muticous leaves are both features that might indicate a relationship with £ vulgaris, while

the furrowed and, in some instances, ribbed capsules occur in E. rhaptocarpa. E.
intermedia. E. spathulata and E. flowersiana

Specimens Examined: H-Br {2), PC (2}, W (1).



Figure 296. Distribution of Encalypta armata.
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IV. PHYLOGENETIC TREATMENT

A systematic  treatment  should not be  regarded s complate  without  a
consideration Of the kKinship relations among the taxa within the group of organisme haing
studiad Furthermore relationships with other groups of similar or gamsme should also be
evaluated A fystematist learns a great deal more about the taxa that he 1s working with
than just how to difterentiate them A great part ot what he has learnt 15 an under standing
of the taxa relative to one another and to other closely related groups The value of such
knowledge as a stmulating basis tor future research can not be underestimated and such
data should not go unrecorded

It 1s often stated that inferences about evolutionary relationstups cannot properiy
be drawn without data from the tossil record on which to base them As with most
extant Bryidae. the Encalyptaceae are known no earher than Pleistocene times trom
subfossil deposits (see Introduction - Historical Perspectivel] However tossils must be
interpreted in much the same way that extant plants are The fossit record only indicates a
small portion of what existed at a particular point in time The occurrence of one
structure in the -fossil record and the absence of another. in itself says nothing about
which 1s the cerived state The fossil record rarely gives us éata about plesiomorphous
and apomorphous states at a particular point in time Therefore. the paleobotanist and the
taxonomist alke must study different structures to try and determine what the
plesiomorphous and aporﬁorphous character—states are In c;rder to reconstruct the
evolutionary pathways The most likely sources of misinterpretation in the pursuit of this
objective are |pstances of convergent evolution, that Is, the independent acquisition of
the same character~state in two taxa and chéracter—state reversals, that 1s, a
character—state that 1s generally ples:omorphbus but that s also secondarily
apomorphous. in some instances In order to avoid such pitfalls, the systematist must
search for a character or characters that are so complex in their structure that he can be
reasonably sure that they are not likely to have evolved in exactly the same form more
than one time Such characters are generally iess influenced by selection pressures and
therefore more stable through time With such a character for a basis, the systematist
can then search for correlations in other characters to determine the directions of

—
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evolution 1o s way character  states thal have under gone  conver gent evolution o

rovarsal can hopetully be detected and avoided The systematist can then by nterence
suggest the ovolutionary relationships among the taxa and with othet g; Qups  and the
imphcations of thase Can be assessed

The peristome that occurs in the Muscr s 8 complen sesemingly stable structure
tvep n the earhest bryological erature the peristome 15 a prominent character in keys
and groupngs ot species However Philibert (18841 trmly entrenched the dea that
peristome structure must be the ultimate basis for determinmg natural attimues among

mosses

"las caractéres du panstoms me parassent avor une
mportance supbrieure 4 celle de tous les autres pour la
détermmation des athimués naturelles dans les mousses. |e
crois que ¢ est seulement par la comparaison de ces
caractdres que !'on pourra arriver a former quelques
conjectures vraisemblables sur longine et (évolution des
dif farents types de cette classe La structure du péristome en
eftet présente une constance frappante et souvent une
simiitude complete dans une  multitude  despéces
trds- dif ferentes dalleurs par tous les caractéres du systdme
vagétatf. et que lon souvent placees dans des tribus
tréds- éloignées i est cependent extremement probable que
toutes ces espéces qui ont un péristome presque identique
ont une origine commune. soit qu elles soient 1Issues les unes
des autres soit quelles derivent de formes actuellement
éteintes || serat mmpossible en effet de comprendre
comment cette structure s complexe quelquetors du
péristome et cependant s uniforme se serait produite

, séparément dans des espéces Qqui appartiendraient 3 des
séries de formation indépendantes les unes des autres’

The nfluence of Philibert s ideas has been lasting One of the primary bases for the major
grouptngs in our present-day classification of mosses 1s peristome structure (Fleischer
1904 Brotherus 1923 1924, Robinson 197 1) Philibert (1884) was the first to state that
it 1s highly unlikely that such an involved structure as the peristome couid have evolved
independently in the same form The corollary to this is that the evolutionary trend in
peristome developf:nent must be one of reduction and, ultimately the loss of the
‘peristome Phibert (18841 recognized as Mitten t18;:39) had earlier that those species
that lack a peristome are derived from peristomate species ‘Les especes a peristome nul
ou imparfait ne peuvent pas etre classees a part, elles doivent etre rattachees aux
especes a peristome biern developpe dont ellés sont le plus voisines par | ensemble de

leur organisation’ However. Philibert (1884~ 1890) did not make it absolutely clear.

although it is perhaps implied, that he considered the diploiepideous or, in very simplistic
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terms, double peristome to be primitive and the haplolepideous or single peristome to be

derived. Hlstorlcally the Haplolepideae have always been placed initially in clgssxfucatlons o

The lmphcatlon is that the snngle perlstome represents the plesnomorphous condition.
leRecentIy Crosby (1980), in a marked break with bryologlcal tradition, suggested that the
"anlolepldeae should come. first as the haplolepldeous peristome is probably the derlved

condition and Vitt (1981) mcorporated thls in" his new classification of the Musci.

Certainly, such an idea is the ,logical conclusion of Philibert's pomt that the same
' perlstome type. cannot have arisen more than once. '

| conslder the structure “of the peristome to be of fundamental lmportance in
'understandmg evolutionary relationships within the Encalyptaceae, and concur that the
nlost plausible interpretation, on the basis of-the data presently available, is that reduction
in peristome structure is indicative of derivation. A well-developed, double peristome '

(Fig. 47) is consudered to represent the plesiomorphous condition in the Encalyptaceae
and the lack of a peristome (Flg 52) is regarded as hlghly derived. There are two types of
smgle perlstomes that occur in the Encalyptaceae. Those that are composed of several
-cell Iayers radlally (Figs. 47— 49) are considered less derived'than those that consist of a

single layer (Figs. 50-51). The specres with edch of the four peristome—types are Ilsted
" in Table 5. This interpretation of the direction of pernstome evolution can be validated by
| an analysis of the Qroupings based on characters other than the peristome. On the basis
of other; unrelated structural features, those species with a double peristome are:most
closely related to one another, while those specues that lack a peristome are generally
:more closely related to a perlstomate specnes than they are to one another Therefore
the gymnostomous condition appears to have evolved independently in several lines
within  the EnCalyptaceae. Realizing that characters dp not necessarily evolve
synchronously, if the double peristomg is cbnsidered_‘to: represent the plesiomorphous
condition it follows that those taxa with a double beristomefnay also have retained other
plesiomorphous chancter states whlle those wuth a derlved ‘peristome structure are
probably derlved in some other respects as well Therefore correlatlons Wlth  peristome
structure must be sought in other characters

. Many species of Musci have apolar, green, rnore—or—less papillose spores that
are relatively uniform in size (McClYmonti1954). There are some exceptions of genera or

4
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Table ‘5. PERISTOME TYPES IN THE ENCALYPTACEAE
(Symbols in brackets are referred to in tables 5-7)

»

" Plesio. Déuble Peristome:

B. longipes
{1y £. procera
£ streptocarpa
. . Single Peristome: E. _affinis
" (several layers) . _E brevicolla
(la) £ longicolla,
Single Peristome: E ciliata .
(single layer) . E. rhaptocarpa
‘ {Ib) £ vittiana
Apo. - No Peristome: E. alpina E intérmedia
I o E armata £ microstoma
- E.asperifolia £ mutica
E brevipes E. sibirica’
E. flowersiana E. spathulata
E wigeris

e

~
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families in which the spore structure is more elaborate, and these mostly occur in groups

considered derived on other grounds for example, the Bruchiaceae. Therefore, it seems ‘
. safe to assume that lsopolar green spores that are small and have a more-or-less

nondescript sculpture represent the primitive condition. As w1th peristome structure'

there is an amazing diversity of spore-types in the Enealyptaceae and the different types

correlate quite closely with differences in peristome—type. Those species with a double -

peristome all have small, green spores that,are finely papillose. (Fig. 65). Species/with a ‘

'single peristome in several layers all have larger spores that exhibit weak polarlty at least
in shape. The ornamentahon is variable. Some are finely paplllose but the papillae are
ornamented with an ,elabo‘rate microsculpture, others have larger, gemmate
protuberances and some have larger verrucae (Figs. 115—120, 140-148, 161-172)
Those species rtvith a single—layered peris‘t'ome,' or that lack a peristome ‘g‘enerally have
large spores that are distinctly differentiated in both shape and superficial 'struoture,

although there are a few with paraisopolar spores. The superficial ornamentation of

"spores that are heteropolar is quite different on the two surfaces. The species, arranged '

on the basis of spore type, are listed in Table 6. The perustome—type is indicated in
brackets, after each species (refer to Table 5). The correlations between peristome-type
and spore-type are not absolute' (for example, _E_ajmna._E_b_l;e_\ﬂQe_s andi_mg:i_c_a, all of
which' are species charactenzed by the lack of a peristome, correlate, on the basis of
spore structure, with the group of specnes characterlzed by a smgle peristome
composed of sevéral layers), however, .the general groupings are quite close to those
based on peristome—type. Those species with a double peristome appear to have spores
that represent the plesiomorphous condition.

. The basic shape of the. calyptra in the Encalyptaceae that is, a Iong cylinder
terminated by a rostrum, is unif orm throughout the family andis one of the few features
that unquestionably links Bryobrittonia. with the genus Eﬂc_a_mx_a. Yet, there are a
considerable number of variations on fhis basic form and an analysis of these reveals that
calyptra shape is actually the sum of a complex combination of at least four or five
different characters. These include Iength of the calyptra, definition of the rostrum,
structure of the base or the cylinder and length of the rostrum, among others. Color of

the calyptra is another character in which evolutionary trends are apparent. A comparison



Table 6.

Plesio.

~Apo.

TYPE.

Isopolar, Small:

Paraisopolar, Large:

Heteropolar, Large:

B. longipes (I
E

SPECIES OF ENCALYPTACEAErARRANGED ACCORDING TO SPORE
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cylinder - is ‘quite abruptly contracted to the rostrum {for example, compare the

- basis of other characters _E_m_chQﬂgma is aimost certamly a gymnostomous derlvatlve
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of the different states of each of these characters with the different peristome-types .

{indicated in brackets) gives an mdlcatlon of evolutionary trends in each of the cajyptra
characters (Table 7). A calyptra wuth all of the plesiomorphous character- states combmed
would be one that is long, and tapered gradually to a moderately Iong rostrum Therefore,

the rostrum would be indistinctly. differentiated from the cylinder. The base of the
cylinder, if the calyptra has not been exposed to the vicissitudes of the environment for
too long {in that instance, it becomes eroded away), would be more-or-less longltudmally
lacerate into broad segments. The calyptra would be dark, golden—brown in color and so-
opaque that the capsule would not be visible, or just barely so, through it Such a
calyptra—type is exemplified by that of E_streptocarpa (Fig. 297). From such a primitive
type, the evolutionary trends appear to have been toWards a shorter calyptra (the

calyptrae in Fig. 297 are all drawn to scale) with a well-defined rostrum. That is, the

differentiation of the rostrum in E._streptocarpa with that inE. previcolla, Fié.’297). There
appear to have been two different evolutionary trends in length of the rostrum.
Apomorphous conditions are considered to be either a very long rostrum {for example,

that of E. ciliata, Fig 297) or a very short one (for example, that of E._brevipes, Fig 297).

It is apparent from the analysis of each of the five characters that character—state

evolution has been independent in the different characters. For example, E. alpina has a
distinctly defined rostrum that i§ cohsider.ed to be an apomorphous character—state;
however, the calyptra is relatively long and dark, and the base of the cylinder is lacerate,
aithough the segments are narrower tHan in E_ streptocarpa All of the latter’

character—states are considered to represent the plesiomorphous condition. Therefore,

E. alpina has retained more plesiomorphous character—states than most other other
gymnostomous species- of Encalyptaceae (Fig 297). Also, it appears that some

character state reversals have occurred in the calyptra. For example, the rostrum of E.

migr QstQma is less dlstmctly differentiated than that of _E_g___aj_a (Fig. 297), yet on the

of the peristomate E. ciliata However, the evolutlopary trends of a decrease in overall

length of the calyptra an increase in definition of the rostrum, elther a decrease or

increase in the length of the rostrum, and either the development of a frmge OF 2 rather
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Figure 297. Correlation Between Qalybﬁra Type and Peristome Type in the

Encalyptaceae.
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even termination to the base of the cylinder generally correlate with peristome-type (Fig.
297). |
There is considerable variation in seta and leaf length in the Encalyptaceae:
however, this variation is not random. An arrangement ;)f the species on’ the basis of
different states of these two characters also correlates with the occﬁrrenqe of different
peristome—types (Table 8\ Generally, those species with a double peristome also have a
long seta‘and long ieaves. Convgrsely, the ’character—states of a short seta and short
leaves are concentrated among those specieéj'thai lack a peristome. Therefore, it appears
that in the Encalyptaceae a long seta and long leaves, or generally larger plants, represent
the plesuomorphous condition. In a general way, this applies to the-Musci as a whole,
particularly with respect to seta length. For example, specles of Bryum appear relatlvely
unspecialized in many other characters and most also have a relatively long seta In
contrast, the ephemgzral Pottiaceae and Ephemeraceae that are characterized by a very
highly derived life—style have a very short seta. |
There are several character—states other than those discussed above that are
uniqué to one or more of the species of Encaiyptaceae with a double peristome. These
include the occurrence of a well—developed, revoluble annulus in B. longipes, E. procera
and E. streptocarpa. the dioicous sexual condition of B. longipes and E. streptocarpa, the
consistent occurrence of a central strand in the stem of B. LQgglp_e_s and its sporadic
occurrence in E. procera and E. streptocarpa and the occurrence of begleiter cells in a
transverse section of the costa of B. longipes. A well—developéd, revoluble annulus is of
sporadic occurrence in the Musci, but it is‘generally found in more primitive groups, for
example the Bryaceae, or in more primitive members of particular génera. Lowry (1948)
demonstrated a definite correlation between low chromosoh’\e number and the dioicous
sexual condition in the Mniaceae. It is apparent from Hebant's (1977) work that there is a
general trend towards despemahzatlon of anatomical structure in both the stem and costa
of mosses. The lack of a central strand and begleiter cells are considered derived
coﬁditions_The}refore, the restriction of these plesiomorphous character—states to the
three species alrgady shown to have the plesiomorphous condition of peristome, spores
and calyptra, as well as seta and leaf length, suggests thafilgﬂgimimm and
E. procera most closely approéch'the ancestral type in the Encalyptaceae. In the following



Plesio.

Apo.

Very Long:

:(20~38 mmy}

Long:
{15-20 mm)

Medium:
(10-14 mm)

Short
{3-8 mm)

ENCALYPTACEAE. .

Seta Length

B. longipes (")v

bm

brevicolla (la)
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Table 8. DIFFERENCES IN SETA AND LEAF LENGTH IN SPECIES OF

Il. Leaf Length

Very Long:
(6.5-8.0 mm)

Lé)ng:
(55-6.8 mm)

Medium;
(35-45 mm)

Short:
(2.0-3.0 mm}

B. longipes ()
E. straptocarpa ()
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sections the infrageneric relationships of Encalypta are discussed, and illustrated in a
Wagner Dendrogram (Fig 298) and a Hennig Cladogram (Fig. 299) Iintergeneric
rela’tionshups are discussed. and illustrated in the Hennig Cladogram. The concepts and
methodology for phyldgenetic analyses according to Wagner are in Wagner {1952,
1962, 1980), while those of Hennig are ,in Hennig (1950,1965, 1966) and Kavanaugh
{1978). The relationships among the taxa are based upon the initial assumption that E
streptocarpa and E. procera most closely approximate the ancestoral type in Encalypta
Lineages are derived from an analysis of the characters discussed above, as well as

®
additional characters.

|nter—relationships\Among Species of Encalypta

(1) The E. streptocarpa—E. procera Group. The taxa that comprise the basal group
of species in Encalypta E. streptocarpa and E_procera are linked by a number of

pleéibmorphous character—states that occur in no other species, as discussed above. The -
shape and color of the calyptra, the presence of a weII.-deve|oped, revoiuble annulus, the
double periétome, the long seta and the long leaves are some of the features that define
the E. streptocarpa—E. procera group. Furthermore, there are additional character—states
that suggest a close relationship. For example, in both speciés the capsule is deeply
furrowed, - either spirally or longitudinally; however, the color of the ridges is
undifferentiated from that of the furrows. The rim at the mouth of the capsule is poorly
defined and consists of only one or two, irregular rows of small cells. The stomata are
restricted to the base of the capsule where it puckers and narrows to the seta The
relationship between E s;c__ema_p_a and £ p_QQQ_a appears to be very close This is
particularly evident in sterile plants of the two spemes many populatlons of which are
virtually inseparable. Also, the masses of filiform k?rood bodies that occur in the axils of

the leaves of sterile plants are found in no other species of Encalypta An analysis reveals

that there are more plesiomorphous character—states in E._streptocarpa by comparison
to E.procera and E. streptocarpa is considered to represent the primitive type within the

Encalyptaceae. In several characters, the trend away from the plesiomorphous condition

is evident in E_ procera The rostrum of the calyptra is almost undifferentiated from the



Figure 298. Wagner Dendrogram Illustrating the Inter-relstionships Among the:
Species of Encalypta as Determined by an Analysis of Trends in

Character-state Evolution.
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Figure 299. Hennig Cladogram Iliustrating the Inter-relationships Among Taxa
in the Encalyptaceae as Determined by an Analysis of Trends in

Character -state Evolution.
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cylinder, whereas in many populations of _E,_Q_LQ_Q_QT_& there is a-very slight, but distinct,
contraction to the rostrum. In E MQ_QQLQE there are only one or two Iaceratnons at the -
base of the cylinder, while there are five or six in many populations ofE_g[_Qgg[a and the
base is divided into a number of fairly regular, broad segments. The very opaque calyptra
of _E,_ streptocarpa is quite dark and golden— brown in color. In contrast, that of_E,_p__QQ_e[a
|§ golden and slightly less opaque so that the capsule within is vaguely visible. In the
Encaly_ptaceae, there is clearly a trend towards fusion of the double peristome, which
" ultimately results in a single peristome composed of several layers. Among the double
' peristomate species, E. streptocarpa has a peristome with both layers free and
more—or—less unfused. In E£._procera, the two layers are fused below and free only in the
upper part This would appear to be a slight derivation from the condition in E:
ﬁr_ep_‘\g_c_aj:na Encalvpta sj_e_p_:gg_ama is dioicous, while- E_ procera is autoicous. The
spores of E_ procera -are. twice the size of those of E. s_tr_ep_tgga_ma and therefore .
somewhat derived. It seem /ntlrely possnble that. _-E,_Q[_QQ&_Q IS an autopolyploid der|vat|ve
of E streptocarpa There”is one chromosome count of n= 26 reported for _E_Q:_Qg_a_a
(Steere 1954), but a count of E._ streptocarpa has never been reported As n=13 is the
most frequent chromosome number reported in the Encalyptaceae (see Introduction), it-
_ will be interesting to see if this is no‘t also the chromosome number of E._streptocarpa
Encalypta streptocarpa is the only dioicous. species of Encalypta The change
from thef dioicous to the autoicous condition seems to be a significent one in the Musci
that generally is not subject to reversal. Considering this and the fact that other
plesiomorphous character states that occur m E. streptocarpa are not to be found in any

other species of Engaug_ta it seems most plausible to hypothesize that all. other spemes

of Enga_y_p_a are derlved from an ancestor very srmllar to E. streptocarpa, if not from _E_

SILQQIQ_QLFQE‘ »
2) The_E._affin'is_—E. ciliata Lineage. The species that are included in the E. affinis—E.
ciliata Iineagé are E. affinis. -E. brevicolla, E. brevipes, E. ciliata, E sibirica and E.

migrostoma (Figs. 298-299). The word lineage is”stressed because there are neither
several, nor even one, character—states that are unique to these species as a whole.
indeed, the E. affinis—E. ciliata’lineage s characterized by a diversity of character—states

that reflect evolutionary divergence in a number of characters. Therefore, the species

~



that comprise this Itneage are only linked on-an individual basis, one to the next in
~ step—wise fashion. The lineage is the composite result ot the individual connactions. The
species with the most plesiomorphous character—states is E affinis. Some  of these
suggest .a link with'_E.__p_[_QgeLa or an ancestor similar to E. procera but the sltght_
'rnodific;ations of most of these are also indicative -of the directions of evolutionary
change that gradually develop through the species in the E. affinis=E ciliata line. In Eee
affinis the calyptra is golden and rather opaque, like that of £ procera The rostrum of .
the calyptra is slightly, but‘distinctly, defined ;from}the cylindez;k,g.q\rhape a little more eo
than that of E_procera and the rostrum is slightly longer than that of E procera The base
ot the cylinder is fringed in contrast with the lacerations that occur in E procera The
peristome of E. affinis consists of single row of teeth, but these are each composed of
two layers fused radially, so that it actua"lly represents a double peristome. Therefore,
this peristome could be .quite readily derived‘ from the partially fused, _d0uble peristome
of E. procera The,peristome teeth are somewhat shorter in £, affinis. The narrow .ca'psulle
mouth and rim are reminiscent of the same character—states in L procera, but the
capSu’[és of E. affinis are smooth and not furrowed. The spores of &£ affinis are
appro'Ximately the same size as those of _E_p_r_Q_Q_eLa but they are derived in other
features. They are paraisopolar in shape, the surface sculpture consists. of small or
medium sized gemmae and they are brdwn, in contrast to those of _E,_ procera that are
isopolar, finely papillose and green. The seta of E. affinis is somewhat shortel: than that
of E. procera but the jeaves are much the same size. These *trends of increa'sing
definition and Ieng_th of the caiyptra rostrum, develepment of a fringe, reduction ‘lof the
peristome in number of layers and length of the teeth, smooth capsules, development of
potarity in .the spores and Shortening of the seta, begun in E_affinis are amplified in £
v -br_e_y_ggl_a In addition, other trends not yet apparent in E_affinis, begin WIth_E_erWQQI a
E_n_c_a_yp_ta a__Lm_s is probably most closely related to E. brevi QQlla This is
partncularly apparent in character statés' of: the. calyptra Both ‘species. have an opaque,
golden calyptra with a long rostrum and the cylinder is Ilghtly puckereq.- Aiso, there is a.
slight constriction at the base of the cylinger and below “this_ there is a distinct, but rather.
irregular fringe. The trend towards increasing definition of the calyptra rostrum is

apparent in E._brevicolla by comparison with E. affinis. and a new trend of reduction in
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total length of the calyptra is suggested by the shghtly shorter calyptra of E _brevicolla.
" The basic structure of the peristome of E,_ b_[ﬂj_QQ_l]_a is very sumnlar to that of E._affinis. It
is a single peristome that is composed of four, fused layers of cell piates; however, the
peristome of Lbr_em_goﬂa is shorter than that of E. affinis and this is the completion of a
“trend in reduction of length of the peristome begun between E. procera and £ affinis
Certain trends are also apparent in the changes in the shape and structure of the capsule
between E. affinis and E. brevicolla The mouth of the capsule is broader in E. brevicolla
and the rim is composed of more, better defihed rows of cells. The outer surface of the
‘capsule of E. affinis has a rather fragile appearance because the walls are only slightly
thickened. With £ _brevicolla there begins a trend towards a turgid—looking capsule with
thickened, exothecial cells. in E. affinis, as well as in E. procera and E streptocarpa, the
stomata are restricted to the base of the capsule. Therefore, this is regarded as the
plesiomorphous condition. Derived from this is the condition of stomata scattered all
over the surface of the capsule This appears first in E. brevicolla in the £ affinjs—E.
c_lma lineage and also characferxzes all the other specnes mcludmg E_ciliata, E. brevipes
and E. microstoma While the seta of E. previcolla is as long as that of E. affinis in some
populations, it is contrastingly short in others and thls variability is the first indication of
the general trend of decreasing Iength of the seta that contmues through the rest of the
E. affinis-E. ciliata lineage. The spores of me_l_cglla are more clearly polar (but still
paraisopolar) than .those of E. affinis and the ornamentation consists of verrucose
prOJectlons The spores of E. b_r_e_;gglla are also apomorphous in that they are
significantly larger than those of E. a_f_ﬁm_s In features of the vegetative plants, E.
brevicolla appears more closely related to £ ciliata than to E. affinis. Encalypta affinis is
somewhat isolated from all species of Encalypta by the papillose walls of the basal cells,
.which must be considered an apomorphous. character —state. '
Enga_yg_a brevicolla resembles E. ciliata in the broad marginal border at the base
of the leaf and the coloration of the basal celis. There are aiso sporophytlc features that
suggest a close relationship between these two species. For example, the shape of the
capsule with a broad constriction just below the mouth and the general turgid, smooth
appearance of the surface of the.capsule. Also, in both of these species there is a

weli-defined capsiuie rim of a number of rows of cells. The long rostrum of the calyptra

?
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in E_ciliata is a clear link with _&b[_ey_LQ_QILa, but the ca_lyptra of E._ciliata is delrived in
several other features and reaches its ultimate apomorphous deve|epment in this species.
The length of the calyptra is greatly reduced from that in E_ brevicolla and there is a
distinct ridge at the base of thg cylinder above the precisely—defined fringe. This is
clearly a derived condition by compar‘isoh to the slight const:iction and rather irregular
fringe of ibr_ey_m_dj_a The reduction of the peristome is taken one step further in £
ciliata In this species the perlstome is single, but only COnSIStS of one layer of cell plates
in- contrast to the double—layered, smglegpernstome of Lbﬂgg_ﬂg Similarly, the distinctly
heteropolar spores of E. giliata, with completely different ornamentation on the proximal
and distal faces, clearly repre‘»sent a -derived condltlon by comparlson to those of E.
hLQiLQQJ_I_a Reductlon in the length of the seta bs a continuing trend through_E_ ciliata. In E_
ciliata, the seta never attams the Iengths that it does in E._brevicolla
E_Qa!xpla b_Le_mp_e_s is: gymnostomous therefore in this character—state it is more
derived than elther_E_b__Qv_gQ_lla or E. ciliata Similarly, the seta of E. brevipes is much
shorter than that’ of Lb:_eﬂ;_o_ﬂ_a orkE. g_uaxa and represents the ultimate derivation of this
character—state in the Encalyptace'ee. However, there are character'istics of the plants of
_E_b;gmp_eg that are suggestive of both of tﬁese species. The ‘ismooth, turgid—tooking
capsules that are quite broadly constricted below the meuth have a weli—defined, distinct
rim of numerous rows of cells. The stomata are scattered o{/er the surface of the
capsule as they are in both E. brevicolla and _E._gha;a The slightly‘pdekered calyptra with a
slight,eonstriction at the base above the rather irregular fringe is mor_e"sfimilar to that of
E. brevicolla. The very short, stubby rostrum and the short overall Ierrgth of the calyptra
are clearly derived features in comparison with either E,_hgey_i_QQ_Ua""er_Eh ciliata Encalypta
brevipes also resembles E. brevicolla in the dark—green and blackish coloration of the
hair—pointed Ieave{s. The spores of E. brevipes are indistinctly polarized in shape, but the
eCUIpture ie quite different from that of E. brevicolla. The spores of E. brevipes are less
derived than those of’_E_lgj_'_a:a and there is no evidence that this character is subject to
character state reversal, but £ brevipes is more denved than elther E.- ciliata or E
brevicolla in the lack of a peristome, and the short calyptra and rostrum. Therefore, it

seems most plausible to consider that £ brevipes is derived from a now-—extinct

ancestor between E._giliata and Lbrgvigglla ’
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o Based on structural similarities, the relationéhip between E. ciliata. and E.
microstoma and E, sibirica appears‘ to be closer than that between any other species in
the E. affinis—E. ciliata lineage. Rather than enumerating the character—states that E_ciliata,
and E._sibirica and £ microstoma have in common, it is perhaps more to the point to note
that they can be differentiated enly by slight differences in the shape of the calyptra, the
lack of a peristome in E. microstoma and a slightly different shape in the upper part of
the capsule, and differences in the apéx and marginal structure of the leaves. The calyptra
is slightlyv shotter in E mlgngﬁgma than in E. ciliata, which is a continuatiop of this
reductive trend. However, the rEJStrum is slightly less distinctly defined in_E,_mj_gLQ_szma'
than it is in £ ciliata and this then appears to be a reversal in the trend of incréasing
definition of the rostrum seen through_E._éjﬁn_&_E,_bmﬂc_Qﬂa and E._ciliata Also, the ridge
at the base of the cylinder is not as distinctly defined in E. microstoma as it is in E_ciliata
and this also appeérs to be a slight, reversal. The lack of a peristome in E. microstoma.is :
the ultimate reduction of the peri§tome and represents the end—point in this particula/'
trend. The seta of E. microstoma is consistently shorter than that in most populations of
E ciliata. Again, this represents the end—point of thé reduction series in seta length.
‘ in summary, the evélutionary trends apparent in the gradual modification of
character—states betweén the differént species in the _E__ affinis—E. ciliata lineage
contribute to the overall impression of contiguity among these species. The major trends
include the reduction in the IengtH of the calyptra, and increasing definition of the
rostrum and fringe, which are most apparent between _E_Lfﬁmi_ﬁ_b_Le_m_QUQ and E. ciliata.
Also, the reduction of the pernstome from one that is single, but consists of two layers,
in _E_af_ﬂm_s and E. previcolla, through one that is single and consists of one layer m_E_
ciliata to the complete lack of a perlstome m _E_b_r_eﬂp_e_s _E_sjb_m and E. microstoma
The increase in polarlty of spores is most ev1dent between_E_brgvngQ la and E._ciliata The
trend towards reduction in seta length is most sharply defined between E. previcolla and
_E_gn_lma and then between E_ciliata andﬁ_._migrgstgma—E W

3) Theim_apjm-_i vulgaris Complex. The species included in this complex
are E. rhaptocarpa, E. vittiana, E. spathulata, E. ﬂngrsiané E. intermedia. E vmg. aris, E.
w_&m and E. armata (Figs. 298-299), In contrast to the Latfinig—g. ciliata

lineage where there is no character—state that unifies the'group as a whole, the species



405

in the E. rhaptocarpa~E. vulgaris complex are all characterized by distinctly heteropolar
spores with large, hollow verrucose protuberances on the distal surface. That such a
large group of species should all have the same spore—type is noteworthy by
comparison to other species of Encalypta most of which have unique spore
ornamentation. As well, many of the species in toeﬁhgmmgamai yulgaris complex are
difficult to differentiate, at least in some populatnons because of structural
intergradation. Therefore, these species are not as clearly defined as are other species
of E_n_g_a_up_t_a and this leads me to believe that this group is relatlvely young and actlvely
evolvmg The fact that a number of species in this complex are narrow endemics also
supports such ‘a point-of-view. For these reasons the word complex is consndered
more appropruate in this instance than "group” or hneage
.  While the E. rhaptocarpa—E. wvulgaris complex forms a very natural group, it is
difficult to discern to which other species of Encalypta they are most closely related. The
species' with the most plesiomorphous character—states is _E_magma_ma it has a single
peristome composed of two fused layers of cell plates, similar to that of E. ciliata. Also,
the seta and leaves are approximately the same size as those of £ ciliata: theréfore, the
plants are of similar size. Spores of E. rhaptocarpa are heteropolar as are those of E.
ciliata These features indicate that in several unrelated ‘characters, E rhaptocarpa is at ah
evolutionary level parallel to E. ciliata However, neither  the vegetative plants nor the
sporophytes, except for the peristome structure, of E. rhaptocarpa show much, if any,
resemblance to E. ciliata The ornamentatlon of the spores is quite different. In this
| respect, the spores of E rhaptocarpa’ are rather similar to those of E. brevicolla.
Encalypta brevicolla is also characterized by spores with verrucose protuberanhces oh the
| distal sufface; however, in E. previcolla these do not appear to be hollow as they are in
the E. rhaptocarpa-E. wulgarijs complex. The form of the calyptra in E. rhaptocarpa is
basically quite different from that of E. brevicolla The rostrum is shorter and the calyptra
as a whole is shorter. As well, there is no suggestion of a fringe at the base of the
cylinder. However, this calyptra type that occurs in E. rhaptocarpa must be considered
.derived because the rostrum is well-—defmed and there is no segmentation of the base of
~ the cylinder as is found in the basal group of species, for example, E_procera in spite of

the differences between the calyptra of E. rhaptocarpa and E. brevicolla, there is
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something inexplicable in the coloration and overall appearance that suggests it would bé
possible to derive such a calyptra as that of £ _rhaptocarpa from E. brevicolla Encalypta
rhaptocarpa seems to be at approximately the same evolutionary level as E ciliata, but the
only resemblance with that species is in the peristome—-type. The spore structure of E

rhaptocarpa suggests a possible relatlonshlp with E._ brevicolla, but E._rhaptocarpa has
" more apomorphous character—states than E. brevicolla. Therefore, | have concluded that
the most plausible ancestral type for E.rhaptocarpa would be a now-extinct species of
‘Encalypta between E_previcolla ;nd_E._g_iJjaj;a (Figs. 298-299).

Encalypta rhaptocarpa and E. vittiana are the only species in the E. rhaptocarpa—-E.
vulgaris complex with a well-developed, single peristome. That is, the teeth are
dark—orange. The relationsh:lp between E. rhaptocarpa and E vittiana is at least as close as
that between E. ciliata and E. microstoma. Encalypta map_';g_qa_r_ga and E. vittiana can be
differentiated only by character—states of the calyptra The most obviou of these is the
well-developed frlnge at the base of the cylinder in E._ vittiana If _mj_ana is derived’
from E. rhaptocarpa, then the fringe must have arisen secondarlly as the base of the -
cylinder is erose in E. rhaptocarpa as noted above. There are other species in the E.
rhaptocarpa—E. yulgaris complex, for example E. spathulata. E flowersiana. E asperifolia
and E. armata that have a more—or—less well—developed' fringe that appears to have '
arisen secondarily. All of these species lack a peristome and are considered to be
ultimately derived from a species with a single péristome. As noted above, the only two
species in the group: with this character—state afe_E._maQt_o_Qﬂpa and E. yittiana: however,
E \_/mj_gg\_a;s\s‘o restricted in its pattern of distr;bution that it is more Iikety that E.
m_ap_éggm_a which has a very widespread range. is the progenitor. It is also possible that
tAhe common ancestor of E. ciliata and the E. rhaptocarpa-E. vulgari;‘complex had a
wel|~devel\oped _caiyptré fringe and thatE;__yj;c_t_ia_n_a is more closely related to this ancestral
type than is E. [_hmga In this instance, E. rhaptocarpa must be considered to be
derived from E._vittiana.

The evolutionary trend towards the gymnostomous conditionv is particularly
evident in the E rhaptocarpa—E vulgaris compiex .not only interspecif‘ically, but also
intraspecifically. For example, while E. rhaptocarpa is generally characterized. by the

presence of a well-developed peristome, as descri ¢ 2 there are many
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populations of E rhaptocarpa with a more—or-less poorly developed peristome. ih such
instances, the teeth are pale-orange, but otherwise undifferentiated from those that are
_ found in a weli~develpped peristorﬁe, or fhey are hyaline, very sp;rse|y Papillose and
much shorter than those in a welli—developed peristome. In a few populations of £
map_tg_c_a[p_a the peristome is completely lacking. Other examples of the evolutionary
trend towards loss of the peristome are to be found in two species generally considered
to be gymndstomous, E. vulgaris and E. gspathulata While the majority of populations of
both of these species do lack a per’istome, there are a few in which there is a véstigial
peristome at the mouth of some of the capsules. The species that never show any
suggestion of a peristome, LMLMLW and E intermedia s. str.
can probably be considered the most derived in the E rhaptocarpa-E. vulgaris complex.
Some of these have unique features that support such an assumption. For example, the
spores of E_ﬂgﬁﬁ'_s_ma always have most of the verrucose projections on the distal
surface fused -to 'form vermiform protuberances, and in_E_a;mm there are very long.
spinose prajections on the back of the costa and on the rostrum of the calyp.tré that
occur in no other species of Encalypta
Two or three other evolutionary trendé are élso apparentrin the _E_m_amg;_agp_a:_E_
vulgaris complex. Decrease in the length of the seta correlates :quite closely with loss of
the peristome. Encalypta rhaptocarpa has a seta of moderate length, while all other
species, E. vittiana, £ vulgaris. E. spathulata, E. flowersiana. £ asperifolia. E armata and £
intermedia, all have a short or very shori seta There is also the trend towards decreasing
length of the calyptra, which is particularly apparent in £ spathulata, E. flowersiana and E.
iptermedia. Among the species in the E ;nap_tg_ga_ga_i vulgaris complex, most are
characterized by a moderately opaque-calyptra; however, the derived condition of a very
transluscent, pale calyptra is found in both_E._sgamgjg_a and E. fl ngrsla a

As noted above, the .species in the E. rhaptocarpa—E. vulgaris complex are at

times difficult to differentiate from one another. The structural similarities and the lack of
a peristome in most species also make it problematlca| to determine the exact nature of
the xnter relationships among them. The core species are con31dered to be _E_.

rhaptocarpa and_&yglga_lg because _E._map_t_QQa_ma is the only species with a peristome
(aside from E. vittiana) and E. vulgaris seems to be very closely related in that some :
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populations of these two species are virtually impossible to differentiate. Also, these two
species are the most Widespread of any of the species in the E rhaptocarpa-E. vulgaris
complex. Close relationships between other species are also evident. For example, E
flowersiana differs from E_ spathulata only in.spore.structure and‘the structure of the
ieaf apex. The different spore structure of E flowersiana suggests that it is derived from
E spathulata as this feature occurs nowhere else in the £ rhaptocarpa-£. ml_gar_l_s
complex’. Also, the structure of the calyptra of E._armata is virtually identical to that of &
asperifolia; therefore, it is reasonable-to conséder that these two species are yery closely
rélated. In this instance, the spnnose ca|yptra and leaves of E_armata are a good indication
that thls is the more derived taxon. However, the problem of éxactly howisp_amulmi
asp_e__iqua and another gymnostomous specues E m;gtm_e_dla relate to £ rhaptocarpa and
E. vulgaris is difficult to clarify. All three of these species have structural features, some
of which are more like those of _E_map_tg_gama for example the more-or—iess ribbed
g:a’psules, and others that are more suggestive of E wulgaris. for example, the lack of a
peristomé and a very prominent, shiny costa. The relationships of these taxa back to
hypotﬁetical ancestors between E._ rhaptocarpa and E. wulgaris are indicated  with the
realization that there probably cannot be an entirely, satisfactory representation on the
basis of the data presently available. A ) |
& Specieé with Ambiguous Affinities. Encalypta wim and E._mutica
are treated as a unit because'theré are some vague indications that they may be more
closely related to one another than to other species of Encalypta However, the
inter—relationships among ‘these Aspecies are indicated with some hesitancy as are the
more general relationshibs of the group as a whole (Figs. 298-299).
m longicolla is the only one of these species_with a peristome. It is single, .
but consists of two fused layers; therefore, it is of the same type that is found in E
affinis and E._brevicolla In some othér character—states, E. longicolia also seems to be at
about the same evolutionary level as E. affinis and E. brevicolla For example, the rostrum -
of the caly‘pira is we!l—defihéd as in E. brevicolla and there is a fairly well—-developed
friﬁge at the base of the cyiinder, although the structure of this fringe is quite dif ferent
from that in £ af_ﬁnj_s'and ib:_e_\ac_o_ll_a The calyptra is quite dark in color and rathér
opéque. Spbres of E. longicolla, iike those of E. affinis and E. brevicalla are paraisopolar.
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Howaever in several features, E. longicolla seems strikingly derived. For example, the
spores are much larger and the leaves are much narrower than those of any other
spe;c‘ies of Encalypta Also. the seta is'shorter than that of E. affinis and E brevicolla
Theré are no characteristics, other than the basic structure of the peristome, that suggest

a relationship between E._longicolla and the species in the E. affinis—E. ciliata lineage. It
seems entirely possible that the trend towards fusion of the double peristome may have
taken place in more than ‘one line. Coloration of the vegetative plants, seta, peristome and
calyptra of E. longicolla all suggest a derivation from E. p_LQg_Q_[_a or a closgly related #.
species.

Encalypta alpina is another. species like £ longicolla that is derived in some
character—states while retaining others that are plesiomorphous. Character—states that
are; more plesiomorphous include the paraisopolar spores, the moderately long seta and
.the dark calyptra with the base of the cylinder lacerate. In all of these features, except
the base of the calyptra, _Ea_lmna is only slightly more derived than E. frocera and the
lacerate calyptra is also characteristic of E_procera The only highly derived feature of E._
alpina is the lack of a peristome. Also, the narrowly acute leaves that occur in no other
species of Enga]_yp_ta probably also represent a derived condition Overall, most
character—states of E. alpina, including the lacerate calyptra, the color of the seta
capsules and vegetative plants, suggest a distant relationship wnth_E_p__Q_c_Q[a or a closely
related specaes The shape and color of the calyptra, particularly the well—defined,
moderately ‘Iong rostrum and the oyerall shininess of the calyptra, also suggest that E.
alpina may also be distantly related to E. longicolla Similarities in habitat preferences of
these two species add further weiéht to such a suggestion. Encalypta afpina grows in the
most mesic habitats of any species of Encalypta, but among the rest E mgl_ggl_la
frequéntly occurs in habitats .a|most as mesic as those characteristic of E. alpina

In most character—states, E.mutica is derived. The célyptra is exceptionally short
with a very short, well-defined rostrum and weli-developed fringe. Also, the calyptra is
very pale in coler and almost transparent. The capsule is gymnostomous, and both the
seta and the leaves are very short Overall, the plants are the smallest of any species of
Encalypta When Hagen (1899) described E_mutica, he stated that it is- closely related to E.
vulgaris. Later, Tuomikoski (1935) suggested tﬁat plants of E mutica that he had examined
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were reminiscent of a small form of E rhaptocarpa-E. vulgaris, and concluded that £
mutica is closely related to these two species. Most recently, Horton and Murray {1976)
considered the relationships of E. mutica as might be inferred on the basis ot spore
structure. They concluded that the "_.highly ornamented 'cauliflower’ papillae of E
mutica...” are most reminiscent of a group of species including £ alpina. E. cilata, E
rhaptocarpa and E. vulgaris, as delimited by Vitt and Hamilton (1974).

In the Encalyptaceae, peristome and spore structure are caonsidered to be
fundamentally reliable features for determining evolutionary relationships among the
different species as discussed above. Character-states of capsules, setae, leaves and
cells may also indicate relationship in some instances, but they are less reliable and when
these are at variance with evidence from peristome and spore morphology, | believe that
the latter two characters should be given greater weight. The similarities between £
mutica and E. vulgaris and some forms of E_rhaptocarpa including the small size of the
plants, the lack of a peristome, capsule shape and the muticous leaves could be cited as
evidence ’_svuggestir'\g a relationship between these species as Tuomikoski (1935) and
Hagen (18399) did with respect to E. yulgaris. However, as Tuomikoski noted, the spores
of E. mutica are not at all like those of either E_rhaptocarpa or E vulgaris Spore
structure is‘the one feature in which E.mutica is not particularly derived. The spores are
paraisopolar and there are small, irrvegular gemmae over the entire surface Therefore, |
-suspect that the other structural similarities betvx‘/een_E._mung_a, and E. rhaptocarpa and E.
vulgaris are superficial and probably represent convergent evolution. The relationship of
these two species to E, mutica is probably a distant one. The spec?;es of Encalypta with -
spore ornamentation very' similar to that of E_mutica is E. alpina. In/ﬁajgjn@ the gemmae
are very small, but similarly irregular to those of E. mutica Other structural similarities
between these two species have proven to be elusive. The only other feature that | have
been able to identify is that in some populations of _E._a_[p_ma the old capsuies aré virtually
ldentlcal in structure to those of E_mutica As E  alpina has more plesnomorphous
character—states than E. mutica. it would seem more likely that_E__u_lga is derived from

E. alpina or a ciosely related spemes.
As noted in the Introduction, the importance of habitat in defining any group of

plant species is not to be underestimated and is here considered to be of equivalent

)
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A Hmpgtance to many significant structural teatures In general. species of Encalypta are
| commonly associated with mountainous terrain where thay occur on rock outcrops and
disturbed soil throughout the montane, subalpine and alpine zones. These are relatively
-« ‘xerophytic, exposed habitats characterized by light winter snow cover and early spring
melt. however, the microhabitats where the plants grow, on the edge of solifluction
terracettes, crevices of rock ‘outcrops or depressions in tundra, are quite protected and
probably mesophytic Some species of Encalypta occur in similar habitats in the Arctic,
and a few species are to be found in non-montane habitats of the subarctic, boreal and
prairie ecosystems. In such areas, the populations are most frequently associated with
rock outcrops along river banks. The monotypic genus BL)LQhLllIQDlﬂ is generally found on
exposed alluvial soil along rivers, often very close to the water ‘tevel. Popylations rarely
occur in alpine tundra and crevices of rock outcrops.
. Within this general framework, there are distinctions between indtvidual species.
The most obvious of these is the correlation between differences in substrate type and
the occurrence of species of Encalypta A comparison of substrate preferences of the
four groups of species of Encalypta outlined above, reveals correlations and apparent
evolutionary trends. Soil samples have been collected withkspecies of Encailyptaceaey
throughout their ranges in North America The data resulting from analyses for pH, and
exchangeable Ca** and Mg* concentrations are presented in Figs. 300, 301, 302 and
Table 9, with the order of species following that established on the basis of pH (Fig.
300). In the E procera—E. streptocarpa group. K. procera shows a rather marked
preferenée for substrates with a relatively high pH, but populations also occur on
substrates with a slightly subneutral pH. The range is from 6.5 to 7.8 with a mean of 7.3’
(Fig. 300). From all accounts in the literature and from my own experience, this applies
equally to E streptocarpa Sirﬁilarly, E. procera is found on substrates with both a
.relatively high Ca** and Mg** content (Figs. 301-302, Table 9.

With respect to the Aspecies in the E_ affinis—E. ciliata lineage, there is an
evolutionary trend from substrates with a relativevly"high pH to those with a very low pH
and this trend is paralleled in Ca** and Mg concentrations (with the exception of E_
affinis). Encalypta affinis has rather broad tolerances of substrates with a pH as low as

5.9 and as high as 7.3; however, the mean is slightly acidic at 6.7. The range is similarly



Figure 300. pH of Substrate Samples Collected With Populations of

Encalyptacese in Western North America.

Horizontal line indicates the range; vertical line indicates the mean,

white bar indicates one and one-half standard deviations on

either side of the mean, and black bar indicates two standard

errors on either side of the mean
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Figure 301 Ca* -Concentratioﬁ of Substrate Samples ‘Collécted With
Populations of ‘Encalyptaceae in Western North America.

Vertical line indicates the mean; horizontal line indicates one and

one—half standard deviations on either. side of the mean; and

black bar ind‘i»catés two standard errors on either side of the

"mean.
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Fighre 302. Mg Concentration of Substrate Samples Collected -Wilth
| Populations of Ehcalyptaceae in Western Noﬁh America.

Vertical line ‘indicates the mean; horizontal Iiné indicates one and

one-half - standard deviétions on either siqe of the mean;’ and

" black . bar indicates two standard errors on either side of the

mean.
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quite hroad with respect to Ca** concentration of the substrate and the mean is slightly
lower than most species of Encalypta (besides those in the E._ affinis—E. ciliata lineage).
However, the results of the analyses for Mg** concentration reveal that E. affinis has an
’ extraordinarily ~broad range of tolerance for this element and, relatrve to other
Encalyptaceae a preference for exceptnonally high concentrations (Fig. 302, Table 9). The
general trend towards lower pH, and Ca“ and Mg** concentrations is evident in _E,_g_ha;a
by comparison to E. affinis. In £ ciliata the rangem pH is from 5.3 to 7.1 with a mean of
6.3 Fig. 300) and the Ca** and Mg** concentrations are correspondingly lower than most
other species of Engalypta (except those in this lineage) (Figs. 301-302, T‘a_ble 9). The
ulltimate expression of this trend into acidic habitats is realized in E. brevipes and E.
brevicolla. Both species are restricted te) substrates with a pH well below neutral, and low

¥
concentrations ‘of Ca** and Mg**. Encalypta brevipes occurs on substrates with a range in

pH of 5.0 to 6.3 and a mean of 5.7 (Fig. 300), while E. brevicolla is found over a range of

5.1 to 6.0 with a slightly lower mean of 54 (Fig. 300) The Ca*' and Mg‘* concentrations |

for these two species are lower than those for any other species of Encalypta (Figs.
301-302, Table 9).

Of the species in the E_ map_t_an_Qa__E vulgaris complex, | have complete data
available for E. rhaptocarpa and E. spathulata; _however, on the basns of limited field
experience and data, it is possible to make inferences about the preferences of several
other species. In this compiex, there acpears to be a trend towards highly calcareous
habitats, The least derived species in this group,izﬂagt_o_ca_ma, appears to have broader
tolerances with respect to substate pH than any other species of Encalypta It has been
found on substrates ranging from 5.3 to 7.8, but there is a slight preference for slightly
" higher pH with a mean of 7.0 (Fig. 300). It is found over a rather broad range of Ca* and
Mg concentrations as well, and here too, the preference is for substrates with slightly
hlgher concentratnons (Figs. 301-302, Table 9). However, _E_gp_ammaa is highly restrncted
and occurs only on substrates with a high pH. The range is from 7.0 to 7.8 with a mean
of 7.4 (Fig. 300). This preference is not as evident on the basis of Ca* and Mg
concentrations (Figs. 301-302, Table 9). From the data available on the nature of the
substrate at the localities where E. flowersiana has been collected (see Habitat under ﬁ_

flowersiana), it also appears to be restricted to substates with a high pH. Encalypta
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intermedia has been collected only on highly ealcareous substrates (pH 7.5, Ca** 203,

Mg** 43, n=27), generally limestone. My experience withimn_f_qua is limited, but this

species was found only on limestone in Peru (pH 7.1, Ca 236, n= 7) therefore, it may

well be that thls narrowly distributed specnes is restricted to substrates with a high pH.

Among the taxa in the E rhaptocarpa—E yulgaris complex about which any statement can

be made with respect to their substrate preferences, the species considered derived on

the basis of structure appear to be mere restricted to highly calcareous substrates. ‘

" in the E. alpina—E. longicolia greup, the trend also seems to be into highly

' calcereous habitats. Just as there are a number of structural features ofiajnina that are

less derived than the gymnostomous condition would suggest, it seems less derived in

substrate preferences. It has rather broad tolerances of substrate pH from 6.2 to 7.4,

but the mean is 7.0 (Fig. 300). It has similarly broad tolerances of Ca** and Mg

concentrations, although here too the mean is higher than is found in many species of

Encalypta (Figs. 301-302, Table 9). -Just as £ longicolla ‘appears anomalously derived in
sonr!e character-states in comparison with the peristome structure, it seems highly
derived in substrate preferences. It is restricted to substrates with a high pH, rarwéing
fro‘m 6.9 to 7.9 with a mean of 7.3 (Fig. 300). Concentrations of Cé“‘ and Mg~ are
correspondingly high (Figs. 301-302, Table 8). On the basis of habitat preferences, E
mutica appears to be derived as it does on the basis of structure. Itis restricted to highly
calcareous habitats with a pH of 7.1 to 7.8 and a mean of 7.4 (Fig. 300). Concentrations
of Ca** and Mg** are in general correspondir:gly high (Figs. 301-302, Table 9). Therefore,
the trend in this group of species seems to have been for the structurally more highly
- evolved species to be restricted to highly calcareous habitats.

_ Based on the above data, it can be inferred that the .ancestra| type in the
Encalyptaceae probabty- occurred more frequently on slightly calcareous substrates with
a hlgher pH, although it had a slight tolerance for subneutral pH. This type is presently
exemplified by E. ;LQQ_e_a and E.  streptocarpa A derlved condition within the
Encalyptaceae is considered to be found in those species with a relatlyely broad
tolerance with respect to substrate pH This includes such species as _E_a;f_fmi:;_g_m
_E_g_uata and_E__hamp_a ‘all of WhICh occur on both substrates that are more—or— less

acidic or caicareous, although all of thesg specres show a marked preference for one
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substrate-type or the other. The most derived conditions are considered to be
represented by two evolutionary trends. Some species, for example, Lbr_e.ﬂpb_s and £,
brevicolla have evolved into highly acidic habitats and are restricted to such habitats. The
fact that E_previcolla has a highly derived habitat—preference shows that the evolution of
this feature has not necessarily correlated with the rate of evolution of structural
features. Another trend is apparent in both the £, mgp_m_qa_m_i—_& vulgaris complex and
the E alpina-E jongicolia group. This is the restrictio‘h of more highly derived species to
highly calcareous substrates. |

_ Species of Encalyptaceae grow in montane and arctic habitats typical of many
_ other species of mosses. On the basis of extensive field work in western worth America,
| believe that the three substrate .preferences demonstrated by species of Eng_a_upja are
representative of the fundamental‘ preferences of arctic—-montane species of mosses in
general. That is, some species are restricted to highly acidic substrates, while others are
restricted to highly caicareous subs{ates. Most have broad tolerances of both acidic and
calcareoud substrates, but show a marked preference for one substrate—type or the
" other.

It should be apparent f.rom the foregoing discussions of structural features and
substrate pref_erences that there are at least three, and possibly a fourth, natural clusters
of species within fhe Encalyptaceae. One of these, the E. rhaptocarpa-E vulgaris
complex, is readi.ly defined by the spore structure and a secohd, the E. procera-E
streptocarpa group. éan be differéntiated by the double peristome. The third group. the
E. affinis-E. ciliata lineage, |s difficult to define because there is no all- encompassmg
character-state with which to recognize the group as a unit. There is the same problem
with the fourth group, the E. _cmgj_Q'Q_La:_E_ alpina group. Furthermore, while | feel
absolutely COnfldent that the first three groups are truly natural assemblages, | am
uncertain with respect to this last group. Therefore in. view of the d|ffnculty of defining
two of these groups and considering that one grouping may not be the best
representation of the natural relationships, | am hesitant to recognize subgenera or
sections within the genus Encalypta However, if they are to be recoghized, the correct

names at the sectional level'and the included species would be as follows:
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’ Sect Streptotheca (Kindb.) Broth,
Nat. Pf( 1(3; 438. 1902
Basionym: Subg. mmmtma. Kindb., Eur. N.,Am. Bryin. 2: 283 1897. Lectotype: E
contorta Hobpe ex Lindb. (=E. streptocarpa). |
E. procera

Sect. Pyromitrium Walir. ex Hampe,
Linnaea 513. 1872.
Typ‘e: E. alpina Smith.

E. longicolla, E. mutica.

Sect. Psilotheca C. Muil.,
Syn. 1: 513. 1848.
Lectotype: E. ciliata Hedw. .

E. affinis, E. brevicolla, glbrevipesg E. microstoma, E. sibirica

Sect. Rhabdotheca C. Mull,
Syn. 1: 519. 1849,
Lectotypé: E. rhaptocarpa Schwaegr. ‘

E. armata, E. asperifolia, E. flowersiana, E. intermedia,

E. spathulata, E. vittiana, E. vuigaris.
Relationships of Bryobrittonia

On the basis of a number of sporbphytic features, or gametophytic features that
-are closely associated with thé sporophyte, it is obvious that Bryobrittonia is very closely
related toﬁ._St_rep_t_QQaLQé and E. procera The shape and color of the calyptra, the double -
peristome, the furrowed capsule with a narrow, irregular rim, the small, finely papillose
Aspores that are apolar, and the long seta, among others; all are characteristic of E.

streptocarpa and E. procera as well as of Bryobrittonia. As well, Bryobrittonia and E.
streptocarpa are the only species in the Encalyptéceae that are dioicous. There can be no
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doubt that Bryobrittonia belongs in this family with the species of Encalypta However,
Bryobrittonia is strikingly differentiated from szmmggama and E_procera. indeed all
species of Encalypta by the gametophytic character—states of smooth upper laminal cell
walls, thin basal cell walls, and crenulate leaf margins. In contrast, species of Encalypta
are all characterized by papillose upper laminal cell walls, the transverse walls of the basal
cells thickened and entire leaf margins. These differences definitely warrant recognition
of Bryobrittonia as a genus distinct from Encalypta This is also a good example of the
Ia“'ck of synchrony in the evolutionary development of the sporophyte and gametopﬁyte

- that characterizes many groups in the Musci.
Inter -relationships of the Encalyptaceae

In order to establish the natural affinities between groups of mosses above the
level of ger{us: several fundamental characters are generally useful. These include the
growth habit, cell structure of‘ the leaves and the peristome—type. In addition, particularly
distinctive features of‘ a family, for example, the calyptra in the Encalyptaceae, also prove
important in some instances. 7

The acrocarpo'us growth habit of the Encalyptaceae is a fundamental
characteristic that dlfferentnates the family from all the pleurocarp0us families of

~ Bryidae, that is, the Hypnaceae, Brachytheciaceae, Leucodontaceae, Thuidiaceae, and
others. A partucularly striking feature of the Encalyptaceae’,y that has proven to be of
ultimate significance in establishing the familial concept, is the mitrate calyptra, to which
the family owes its name (Schreber 1791). }Wtrate calyptrae are of sporadic occurrence
in such other acrocarpous families as the O'rthotrichaceae, the Pottiaceae, the
\_'Dicranaceae, the Funariaceae and the Grimmiaceae, but the calyptraenthat occur in most
of these are considerably shorter than that which characterizes the Encalyptaceae. The‘
calyptra-type that occurs in the or:hotrichaceoﬁs genus Schiotheimia most closely
approaches the basic shape of the calyptra in the Encalyptaceae. in all species of
Schiotheimia, the calyptra is longer than the capsule and the base is fringed giving it an
appearance very reminiscent of E._ciliata or E. mytica however, the rostrum is never

distinctly differentiated from the cyli\nder' in species of Sghiotheimia, as it 1s in many
A
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" species of Engalypta. In & survey of the different calyptra-types that occur in the Musci,
Janzen (1916) demonstrated that it is not the shape of the calyptra that is of fundamental
importance in determining relationships, but the anatomical structure. In most, if not all
instances, the mitrate calyptra is the result of convergent evolution and does not reflect
community-‘of descent. On the basis of anatomical structure, Janzen considered the
orthotrichaceous calyptra to be quite dif ferent than that of Encalypta |

The cellular structure of the leaves is very uniform in species of Encalypta The
upper laminal cells are more—or—less isodiametric with the walls bulging and papillose on
both surfaces, While the basal cells are oblong with the walls more-or-less plane and
smooth. Superficially, such features also characterize many species of Orthotrichaceae,
Grimmiaceae and Pottiaceae. However, the greatest similarity is between Encalypta and
the subfamily Pottioideae of the Pottiaceae, particularly the genera Tortula and
Desmatodon. .In fact, the resemblances between some species of Encalypta and Tortula
are so great, hot only in detauls of the vegetat:ve plants but also in other characters as
to suggest that they are not merely coincidental.

in superficial view, the upper cell walls are only slightly thickened.in species of

Tortula and Desmatodon, as they are in Encalypta, and the papillae are generally distinctly
"c"-shaped, as in most species of Encalypta Saito. (1975) reported.tha’t “The marginal
cells are not generally differentiated from the inner laminal cells, but in some species
(Barbula hiroshii &LQQMDLQQD.V.ILUm wallichiil, two to three (rarely four) cell;rc:/vs are
smaller and more thick—walled than the inner laminal cells and are smooth though the
laminal cells ar_e papillose”. However, | have observed upper marginal cells more subtly
differentiated in some species of Jortyla and Desmatodon exactly as they are in all
species of Encgalypta That is, the outer row of cells are slightly differentiated in shape
and in the somewhat thtckened cell walls. The lumina are ovate wnth the narrower end

" oriented perpendncular to the margin of the leaf, so that they appear as a row of eggs

placed sideways instead of sitting pright in line with the length of the leaf. The basal

laminal cells of species cf TJortula and Desmatodon are-very comparable in size and
shape to those of species of Encalypta and can be differentiated only by the lack of
thickened, transverse walls. The pores that occur in the superficial and transverse walis

of the basal cells of some species of Encalypta have not been reported to occur in the
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Pottioideae, but are also found in the Calymperaceae {Edwards 1980), which is generally
considered to be a highly derived pottiaceous family. A well-known characteristic vof the
Pottioideae is that in‘ a transverse section of the costa there is only an abaxial stereid
band. As a general rule, there are no stereids adaxially. In species of Encalypta and in
Bryobrittonia. there is never any question of an adaxial stereid band, and the papillose
upper laminal cells form the adaxial epidermis just as they do in species of Tortula and
Desmatodon Overali, the similarities between vegetative blants of Encalypta and those of
some species of Tortula and Desmatodon are so strong as to make them virtually
indistinguishable (except with the aicg of a compound microscope. This striking similarity
has occasionally resulted in taxonomic misinterpretations. For example, Car! Muller (1896)
described plants, of a Jortula species as E. breviseta var. medioseta and from the same
specimen he described plants of E, ciliata as E breviseta (see Nomenclatural Notes under
E ciliata). o

There are several other features of the Pottioideae that suggest a relationship
with the Encalyptaceae. The transverse section of the seta of Desmatodon laureri
(Schultz) B.S.G., figured by Saito (1975), is virtually indistinguishable from that of the
Encalyptaceae. The narrowly cylindric, elongate capsules of some species of Tortula are

vaguely reminiscent of those that characterize E, streptocarpa in particUIar, but also B.

longipes and E. procera Furthermore, some species of Tortula have a well—developed
revoluble annulus just like that of _B_&ngmﬁ,_mgmga;m and E. procera Saito {1975)

reported that chromosome numbers in the Pottiaceae are very variable, but that n=13 is
the most prevalent with n=12, 14 and 26 occurring very frequently. Most of the
chromosome numbers reported in the Pottiaceae have also been reported in the
Encalyptaceae and, as noted in the Iﬁtroduction, n=13 is the most frequent number and
n=26 is next in order of frequené:y ~ _
The ultimate indication of affinity should be similarities in the structure of the
. peristome, and in this respect a close relationship between the Encalyptaceae and the
Pottioideae may be more difficult to rationalize. The pottioid peristome is unquestionably
of the haplolepideoid type, but there are numerous variations in the structure of the teeth
in the different genera, from the more—or—less grimmioid shape in Desmatodon to the

elaborate, twisted peristome of filiform teeth arising from a high, basal membrane in
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species of Tortula As i1s discussed in the Introduction, Philibert (1884) reported that
there are both diplolepidecus and haplolepideous peristomes in different species of
Encalypta his criteria being that a diplolepideous peristome consists of one or two rows
of teeth with a vertical division in the middie of each tooth in the outer row (Figs. 47-49)
and that a haplolepideous peristome consists of one layer of teeth with no vertical
division on ‘the outer surface of each tooth (Figs. 50-51) the basis of independent
studies of the fundamental structure of the different pebeﬂypes that occur in
species of Encalypta, | fully support Philibert's concluMe basis'of the criteria that
he was using. However, with respect to the Pottioideae, the species of Encalypta that
bear the strongest resemblance, on the basis of characters other than the peristome, are
not the species with a haploiepideoid peristome, £ ciliata and E. rhaptocarpa but the
species with a diplolepideous peristor"ne,‘_E._ procera and £ s_tLQng_a[pa Furthermore,
there are certain generél similarities in the form of the peristome of these species of
Encalypta and the peristome found in the genﬁs Tortula The peristome teeth are
remarkably long in both the E. procera~E. streptocarpa group (Figs. 83, 88) and in species
of Tortula. Also, in these species of Encalypta the long segments of the endostome are
fused basally in a high membrane and it is r‘%’?too far—fetched to suggest that if the
exostome were removed, this endostome could be transformed into a Jortula peristome

le tavist of the whole apparatus.
o

re is one basic difference in structure between the pottioid peristome (as well

pideous peristomes) and the endostome “of“the E. procera-E s_tLep_tQQama :

wards (1979) showed that on the inner surface of all haplolepideous

as
group.
peristomes, there are three vertical divisions for every two peristome teeth, while on the
inner surface of the diplolepideous endostome the number. is variable, but nevef—gee. He
ajso rep‘orted that in all species of Encalypta examined, there are four vertical divisions: |
have examined the structure of the inner surface of the endostome or peristorﬁe of
every peristomate species Of'EQQ_a_I)LQ];a and can confirm Edwards’ report (Figs. 57, 60,
62). If the above evidence, which suggests that the Encalyptaceae are most closely
related to the Pottiaceae is accepted, thén this fundamental difference in structure may
have great signibficance, for it appears to support Philibert's original suggestion that the

Encalyptaceae are a basal group from which the” haploiepideae and dipiolepideae are
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. derived. However, | would modify this basic idea. The Encalyptaceae a|:e probably a
relatively advanced group that; have retained some plesnomorphous character states,
partu:ularly in the structure of the peristome. But they probably\\are a common ancestor
with the Pottioideae and: have retalned' more of the features of the dlplolepldeous stock.

A pseudohaplolepideous .peristome has arisen within the Encalyptaceae in £ rhaptocarpa

ahdﬁ,_ ciliata, but the links with haplolepideous mosses are not through these species, but

through the species of Encalyptaceae with the most plesiomorphous character-states, E.

- SILQMQQBLD.&_E._ procera and B. longipes. 'Similarly the cdnnections ‘with diplSlepideous .

mosses are to be .sought in thIS group of the Encalyptaceae and in this- regard the
position of the exostome teeth . opposnte ‘the endostome .segments (Fig. 47) is of
sngmfncance (Vitt 1981)

There are very few mosses wnth dlp|0|8p|deous perustomes that have the

exostome teeth opposite the endostome segments. In the majority of instances, they are

alternate. The peristome teeth ‘are opposite in the Funariaceae, Buxbaumiaceae,

Splachnaceae ‘and one genus of the Orthotrichaceae. If the Encalyptaceae are ‘considered
‘ to‘be“ close to the ancestral stock that gave rise to the haplolepideae, then it may well be
distantly related td some or all of these groups of mosses. Vitt (1981) has, recently
soggested that the ancestral type among the Bryidae must be close to the Funariaceae

with 'the&.'v plesiomorphous character—states of smooth leaf cells and an opposite,

.deploleptdeous peristome. Ohe of the de.fining'features of the genus Bryobrittonia is the '

smooth leaf cells. In this respect, Bryobrittonia more closely approaches the ancestral

type, as hypothesized by Vitt, than a specie§ of Encalypta HoWever | suspect that the

gametophytnc features that dlfferenhate Bryobrittonia from specaes of Encalypta actually

represent derwed condmons within the Encalyptaceae. Papiliose leaf cells; characteruze

both the . specnes of Enga]m with the most plésiomorphous character states, E.
mp_tm_pa and E._procera, and the species of Potticidea® wuth which they appear most’

closely related. If the Encalyptaceae and the Pottnondeae are derived from a common
ancestor, the most parsimonious explanatlon is that the ancestral condmon within the

.Encalyptaceae, was papillose leaf cells. Thereffzpre a_m_bnng_ma is consndered hlghly

- derived in character— states of the gametophyte but ples:omorphous condntlons of the .

‘sporophyte have been retained. In the genus Encalypta the direction of_evolutlon seems
& Lo ] v
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-to have been just the opposite)”v?Evolutionary divergence -has been concentrated in
characters of the sporophyte. Such a point—of-view does not negate Vitt's hypothesis. it
merely implies &at._.the Encalyptaceae are farther removed from . the ancestral type in

their gametophytic structure than in character—states of the sporophyte.
Evolution of the Encalyptaceae

The centre of distribution of the Encalyptaceae is clearly in the Northern Hemisphere with
J’éhe greatest concentration of species in northWesfern North America, and Scandinavia
and the Alps of central Europe. Eeur of these “Northern Hemisphere" species of
mm&mm&mmﬁ_mamm and E. vulgaris occur sporadically in widely
disjunct localities in the Southern Hemisphere. As well, there are {wo épecies, E armata
and £ gsp_e_gLQILa that are narrowly endemic to the Andes of South America.. Most
species of Encalyptaceee in the Northern Hemisphere occur on both the North American
and the Eurasian coriﬁ'nents.. However, two species are endemic to ‘North America, E.

flowersiana and E, vittiana and E. streptocarpa probably does not occur in North America.

Encalypta mms_tama is endemic to Europe. Bryobrittonia longipes and most species of -

Encalypta ere"restricted to montane and, secondarily to arctic regions, but a few are more
widespread,_and are also found across the bereal zone. These include E. ciliata and E.
rhaptocarpa, and E._procera (in North America, hut in Eurasia it is restricted to Scandinavia
and centrel Asia)vand E._streptocarpa (in Europe). - : 1

The very fact that there are marked differences in the dnstnbutuon patterns of
dlfferent species of Encalyptaceae as outlined above, mdlcates that these patterns are
not the result of random dispersal. Their character reflects vicissitudes of the earth's
ehvironmentl-and history. Species of Encalyptaceae are presently concentrated in the

‘ Northern Hemisphere, but this cannot necessarily be taken as an indication that they

- evglved there (Schuster 1976). The ancestral type could have evolved in the Southern
Hemisphere migrated into the Northern ‘Hemisphere and raeiiated there. However, three
of the four Northern Hemlsphere spec1es _E_Q_um_ﬁ_ _nap_tgga_ga and E._vulgaris, that
oceur in the Southern Hemisphere are considered to. be rather highly derived members of

the Encalyptaceae, as are the two species endemic to South America. Furthermore, of the

e
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two species of Encalyptaceae with the most plesiomorphous character—states, B
longipes ochrs only in ve'ry; northerly regions of the Northern Hemisgnhere, and E.
streptocarpa is restricted to Eufasia. Therefore, it seems most plausible to suggest that
the Encalyptaceae evolved in the Northern Hemisphere. As Bryobrittonia and many of the
species of E_r]gaupja are found both in North America and Eurasia, it also seems most
likely that the family evolved after the separation of Laurasia and Gondwanaland in late
Jurassic times, but before the division of Laurasia in the upper Cretaceous. It also seems
that many species of En;;_aum even lncludmg some that are considered to be quite
highly derived, had evolved prior to the separatlon of the northern. continents, or perhaps
around the time of separatlon For example, E b_e__uze_s is characterized by hlghly
apomorphous character—states of a short calyptra, very short seta and gymnostomous
capsule. Yet the distribution pattern appears to be old. Encalypta hr_e_jp_e_s is known from
a very few localities; howeuver, these are scattered around the Northern Hemisphere (Fig.
188} and the populations are'almqsi always very sparse. Another example is E. spathulata.
It is also highly derived in many structural features, similar to E. brevipes. It is known from
a number of quite widely scattered Iocglities in Europe, butrin North Americ% it is very
narrowly restricted (Figs. 260, 261). The distribution patterné of both of these species

must be relictual and they indicate that not all of the species with many apomorphous.

E. asperifolia, E_ m_Lc_Qszma and, _E_filgwgrsgana are all narrow endemlcs and all args
characterized by many hlghly derived features. For examplepthe spmes on the Ieaves

calyptra of E. armata the lack of a peristome in all four species, the vé‘r

protuberances on the spores of £ ﬂgﬂe_[_ﬂana and so forth. These spec»es must al s
evolved relatively recently. ED_QE)LQIE microstoma and E: flowersiana have: presumably.
evolved durmg the Tertiary smce the division-of Laurasia, and_E_a__ma_a and_E_a_sp_eﬂql_@
most likely are derivatives of E. vulgaris that have evolved since the Andean orogeny in
late Tertiary times. 3

It is a consplcuous feature that in the case of the rarest specnes of Encalypta,
there are almost lnvarlably \ore collections and the populations are generally more

extensme in western North Aqulca than in Eurasia. This probably reflects the combined

effects of anthropogenic influences and glaciation. During the Wisconsinan glaciations in
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Europe, many plants are known to have survived south of the glacial boundary in the Alps
and it has been suggested that"some survived in refugial areas in Scaﬁdinavia within the
- glacial boundaries. Héwever, the populations that did survive there have be'en subject to
the influence of man's activities for a much‘lo'nger time than in western NortH America.
The rarer species of Encalyptaceae in western North America 'are almost -all distributed
" north of the glacial boundary and it seems likely that most of them survived glaciatlion, i;{ "
the unglaciated areas of Beringia or farther south in montane refugia. Because there were
such extensivé areas in “Beringia that were not glaciated and the advent of 'civilized” man

- in western North America ‘has been a relatively recent event, it appears that the

_arctic-mc_)ntané»‘flora'that has survived is a rich one by comparison to Europe.

4
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